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Section 2 
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Section 2 
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DAC0806 8-Bit Df A Converter 
Section 3 
DAC0807 8-Bit Df A Converter 
Section 3 
DAC0808 8-Bit Df A Converter 
Section 3 
DAC0830 8-Bit J-tPCompatible Double-Buffered Df A 
Converter 
Section 3 
DAC0831 8-Bit J-tPCompatible Double-Buffered Df A 
Converter 
Section 3 
DAC0832 8-Bit J-tPCompatible Double-Buffered Df A 
Converter 
Section 3 
DAC0854 Quad 8-Bit Voltage-Output Serial Df A 
Converter with Readback 
Section 3 
DAC0890 Dual 8-Bit J-tP-Compatible Df A Converter 
Section 3 
DAC1006 J-tPCompatible, Double-Buffered Df A 
Converter 
: 
Section 3 
DAC1007 J-tPCompatible, Double-Buffered DfA 
Converter 
Section 3 
DAC1008 J-tPCompatible, Double-Buffered Df A 
Converter 
Section 3 
DAC1020 lO-Bit Binary Multiplying DfA Converter 
Section 3 
DAC1021 1O-Bit Binary Multiplying Df A Converter 
Section 3 
DAC1022 1O-Bit Binary Multiplying Df A Converter 
Section 3 
DAC1054 Quad 1O-Bit Voltage-Output Serial Df A 
Converter with Readback 
Section 3 
DAC1208 12-Bit J-tPCompatible Double-Buffered Df A 
Converter 
Section 3 
DAC1209 12-Bit J-tPCompatible Double-Buffered Df A 
Converter 
Section 3 
DAC1210 12-Bit J-tPCompatible Double-Buffered Df A 
Converter 
Section 3 
DAC121812-Bit 
Binary Multiplying DfA Converter 
Section 3 
DAC1219 12-Bit Binary Multiplying Df A Converter 
Section 3 
DAC1220 12-Bit Binary Multiplying Df A Converter 
Section 3 
DAC1222 12-Bit Binary Multiplying Df A Converter 
Section 3 
DAC1230 12-Bit J-tPCompatible Double-Buffered Df A 
Converter 
Section 3 
DAC1231 12-Bit J-tPCompatible Double-Buffered Df A 
Converter 
Section 3 
DAC1232 12-Bit J-tPCompatible Double-Buffered DfA 
Converter 
Section 3 
DH0006 Current Driver 
Section 5 
DH0034 High Speed Dual Level Translator 
, 
Section 5 
DH0035 Pin Diode Driver. , .. , , 
Section 5 
DP7310 Octal Latched Peripheral Driver 
,. Section 3 
DP7311 Octal Latched Peripheral Driver ."." 
Section 3 
DP8310 Octal Latched Peripheral Driver 
Section 3 
DP8311 Octal Latched Peripheral Driver 
Section 3 
DS0026 5 MHz Two Phase MOS Clock Drivers 
, .. ,Section 4 
DS1631 CMOS Dual Peripheral Driver 
, ,Section 3 
DS1632 CMOS Dual Peripheral Driver 
Section 3 
DS1633 CMOS Dual Peripheral Driver 
Section 3 
DS1634 CMOS Dual Peripheral Driver·, 
Section 3 
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DS2003 High CurrentlVoltage 
Darlington Driver 
Section 3 
DS2004 High CurrentlVoltage 
Darlington Driver 
Section 3 . 


DS3631 CMOS Dual Peripheral Driver 
Section 3 
DS3632 CMOS Dual Peripheral Driver 
Section 3 
DS3633 CMOS Dual Peripheral Driver 
Section 3 
DS3634 CMOS Dual Peripheral Driver 
Section 3 
DS3658 Quad High Current Peripheral Driver 
Section 3 


DS3668 Quad Fault Protected Peripheral Driver 
Section 3 
DS3680 Quad Negative Voltage Relay Driver 
Section 3 
DS9667 High CurrentlVoltage 
Darlington Driver 
Section 3 
DS55451 Series Dual Peripheral Driver 
Section 3 
DS55452 Series Dual Peripheral Driver 
Section 3 
DS55453 Series Dual Peripheral Driver 
Section 3 
DS55454 Series Dual Peripheral Driver 
Section 3 
DS75451 Series Dual Peripheral Driver 
Section 3 
DS75452 Series Dual Peripheral Driver 
Section 3 
DS75453 Series Dual Peripheral Driver 
Section 3 
DS75454 Series Dual Peripheral Driver 
Section 3 
DS75491 MOS-to-LED Quad Segment Driver 
Section 4 
DS75492 MOS-to-LED Hex Digit Driver 
Section 4 
DS75494 Hex Digit Driver 
Section 4 


Land Pattern Recommendations 
Section 5 


Land Pattern Recommendations 
Section 9 


Land Pattern Recommendations 
Section 6 
LF111 Voltage Comparator 
Section 3 


LF147 Wide Bandwidth Quad JFET Input Operational 
Amplifier 
Section 1 


LF155 Series Monolithic JFET Input Operational 
Amplifiers 
Section 1 
LF156 Series Monolithic JFET Input Operational 
Amplifiers 
Section 1 
LF157 Series Monolithic JFET Input Operational 
Amplifiers 
Section 1 


LF198 Monolithic Sample and Hold Circuit 
Section 6 
LF211 Voltage Comparator 
Section 3 


LF298 Monolithic Sample and Hold Circuit 
Section 6 
LF311 Voltage Comparator 
Section 3 
LF347 Wide Bandwidth Quad JFET Input Operational 
Amplifier 
Section 1 


LF351 Wide Bandwidth JFET Input Operational 
Amplifier 
Section 1 
LF353 Wide Bandwidth Dual JFET Input Operational 
Amplifier 
Section 1 


LF398 Monolithic Sample and Hold Circuit 
Section 6 
LF411 Low Offset, Low Drift JFET Input Operational 
Amplifier 
Section 1 


LF412 Low Offset, Low Drift Dual JFET Operational 
Amplifier 
Section 1 


LF441 Low Power JFET Input Operational Amplifier 
Section 1 
LF442 Dual Low Power JFET Input Operational 
Amplifier 
Section 1 
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LF444 Quad Low Power JFET Input Operational 


Amplifier 
Section 1 


LF451 Wide-Bandwidth JFET Input Operational 


Amplifier 
Section 1 


LF453 Wide-Bandwidth Dual JFET Input Operational 


Amplifier 
Section 1 


LF11201 Quad SPST JFET Analog Switch 
Section a 


LF11202 Quad SPST JFET Analog Switch 
Section a 


LF11331 Quad SPST JFET Analog Switch 
Section a 


LF11332 Quad SPST JFET Analog Switch 
Section a 


LF11333 Quad SPST JFET Analog Switch 
Section a 


LF13006 Digital Gain Set 
Section 6 


LF13007 Digital Gain Set 
Section 6 


LF13201 Quad SPST JFET Analog Switch 
Section a 


LF13202 Quad SPST JFET Analog Switch 
Section a 


LF13331 Quad SPST JFET Analog Switch 
Section a 


LF13332 Quad SPST JFET Analog Switch 
Section a 


LF13333 Quad SPST JFET Analog Switch 
Section a 


LF1350a a-Channel Analog Multiplexer 
Section a 


LF13509 4-Channel Differential Analog Multiplexer 
Section a 


LH0002 Buffer 
Section 2 


LH0003 Wide Bandwidth Operational Amplifier 
Section 1 


LH0004 High Voltage Operational Amplifier 
Section 1 


LH0021 1.0 Amp Power Operational Amplifier 
Section 1 


LH0024 High Slew Rate Operational Amplifier 
Section 1 


LH0032 Ultra Fast FET-Input Operational Amplifier 
Section 1 


LH0033 Fast and Ultra Fast Buffers 
Section 2 


LH0041 0.2 Amp Power Operational Amplifier 
Section 1 


LH0042 Low Cost FET Operational Amplifier 
Section 1 


LH0063 Fast and Ultra Fast Buffers 
Section 2 


LH0070 Series BCD Buffered Reference 
Section 4 


LH0071 Series Precision Buffered Reference 
Section 4 


LH0094 Multifunction Converter 
Section 5 


LH0101 Power Operational Amplifier 
Section 1 


LH2111 Dual Voltage Comparator 
Section 3 


LH2311 Dual Voltage Comparator 
Section 3 


LH4001 Wideband Current Buffer 
Section 2 


LH4002 Wideband Video Buffer 
Section 2 


LM10 Operational Amplifier and Voltage Reference 
Section 1 


LM12H454 12-Bit + Sign Data Acquisition System 


with Self-Calibration 
Section 1 


LM12H45a 12-Bit + Sign Data Acquisition System 


with Self-Calibration 
Section 1 


LM12L43a 12-Bit + Sign Data Acquisition System with 


Serial I/O and Self-Calibration 
Section 1 


LM12L454 12-Bit + Sign Data Acquisition System with 


Self-Calibration 
Section 1 


LM12L45a 12-Bit + Sign Data Acquisition System with 


Self-Calibration 
Section 1 


LM34 Precision Fahrenheit Temperature Sensor 
Section 5 


LM35 Precision Centigrade Temperature Sensor 
Section 5 
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LM45 SOT-23 Precision Centigrade Temperature 
Sensor 
Section 5 
LM50 Single Supply Precision Centigrade Temperature 
Sensor 
Section 5 
LM101A Operational Amplifier 
Section 1 
LM102 Voltage Follower 
Section 2 
LM106 Voltage Comparator 
Section 3 
LM107 Operational Amplifier 
Section 1 
LM108 Operational Amplifier 
Section 1 
LM110 Voltage Follower 
Section 2 
LM111 Voltage Comparator 
Section 3 
LM113 Reference Diode 
Section 4 
LM118 Operational Amplifier 
Section 1 
LM119 High Speed Dual Comparator 
Section 3 
LM122 Precision Timer 
Section 4 
LM124 Low Power Quad Operational Amplifier 
Section 1 
LM129 Precision Reference 
Section 4 
LM131 Precision Voltage-to-Frequency 
Converter 
Section 2 
LM134 3-Terminal Adjustable Current Source 
Section 4 
LM134 3-Terminal Adjustable Current Source 
Section 5 
LM135 Precision Temperature Sensor 
Section 5 
LM136-2.5V Reference Diode 
Section 4 
LM136-5.0V Reference Diode 
Section 4 
LM139 Low Power Low Offset Voltage Quad 
Comparator 
Section 3 
LM143 High Voltage Operational Amplifier 
Section 1 
LM146 Programmable Quad Operational Amplifier 
Section 1 
LM148 Quad 741 Operational Amplifier 
Section 1 
LM149 Wide Band Decompensated (Av(MIN) = 5) 
Section 1 
LM158 Low Power Dual Operational Amplifier 
Section 1 
LM160 High Speed Differential Comparator 
Section 3 
LM161 High Speed Differential Comparator 
Section 3 
LM169 Precision Voltage Reference 
Section 4 


LM185 Adjustable Micropower Voltage Reference 
Section 4 


LM185-1.2 MicropowerVoltage 
Reference Diode 
Section 4 
LM185-2.5 Micropower Voltage Reference Diode 
Section 4 
LM193 Low Power Low Offset Voltage Dual 
Comparator 
Section 3 
LM194 Supermatch Pair 
Section 5 


LM195 Ultra Reliable Power Transistor 
Section 5 
LM199 Precision Reference 
Section 4 
LM201A Operational Amplifier 
Section 1 
LM207 Operational Amplifier 
Section 1 
LM208 Operational Amplifier 
Section 1 
LM210 Voltage Follower 
Section 2 
LM211 Voltage Comparator 
Section 3 
LM218 Operational Amplifier 
Section 1 
LM219 High Speed Dual Comparator 
Section 3 
LM221 Precision Preamplifier 
Section 1 
LM224 Low Power Quad Operational Amplifier 
Section 1 
LM231 Precision Voltage-to-Frequency 
Converter 
Section 2 
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LM234 3-Terminal Adjustable Current Source 
Section 4 
LM234 3-Terminal Adjustable Current Source 
Section 5 
LM235 Precision Temperature Sensor 
Section 5 
LM236-2.5V Reference Diode 
Section 4 
LM236-5.0V Reference Diode 
Section 4 
LM239 Low Power Low Offset Voltage Quad 
Comparator 
Section 3 
LM246 Programmable Quad Operational Amplifier 
Section 1 
LM248 Quad 741 Operational Amplifier 
Section 1 
LM258 Low Power Dual Operational Amplifier 
Section 1 
LM261 High Speed Differential Comparator 
Section 3 
LM285 Adjustable Micropower Voltage Reference 
Section 4 
LM285-1.2 Micropower Voltage Reference Diode 
Section 4 
LM285-2.5 Micropower Voltage Reference Diode 
Section 4 


LM293 Low Power Low Offset Voltage Dual 
Comparator 
Section 3 
LM299 Precision Reference 
Section 4 
LM301A Operational Amplifier 
Section 1 
LM302 Voltage Follower 
Section 2 
LM306 Voltage Comparator 
Section 3 
LM307 Operational Amplifier 
Section 1 
LM308 Operational Amplifier 
Section 1 
LM310 Voltage Follower 
Section 2 
LM311 Voltage Comparator 
Section 3 
LM313 Reference Diode 
Section 4 
LM318 Operational Amplifier 
Section 1 
LM319 High Speed Dual Comparator 
Section 3 
LM321 Precision Preamplifier 
Section 1 
LM322 Precision Timer 
Section 4 
LM324 Low Power Quad Operational Amplifier 
Section 1 
LM329 Precision Reference 
Section 4 
LM331 Precision Voltage-to-Frequency 
Converter 
Section 2 
LM334 3-Terminal Adjustable Current Source 
Section 4 
LM334 3-Terminal Adjustable Current Source 
Section 5 
LM335 Precision Temperature Sensor 
Section 5 
LM336-2.5V Reference Diode 
Section 4 
LM336-5.0V Reference Diode 
Section 4 
LM339 Low Power Low Offset Voltage Quad 
Comparator 
Section 3 
LM343 High Voltage Operational Amplifier 
Section 1 
LM346 Programmable Quad Operational Amplifier 
Section 1 
LM348 Quad 741 Operational Amplifier 
Section 1 
LM349 Wide Band Decompensated (Av(MIN) = 5) 
Section 1 
LM358 Low Power Dual Operational Amplifier 
Section 1 
LM359 Dual, High Speed, Programmable Current 
Mode (Norton) Amplifier 
Section 1 
LM360 High Speed Differential Comparator 
Section 3 
LM361 High Speed Differential Comparator 
Section 3 
LM368-2.5 Precision Voltage Reference 
Section 4 
LM368-5.0 Precision Voltage Reference 
Section 4 
LM368-10 Precision Voltage Reference 
Section 4 
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LM369 Precision Voltage Reference 
Section 4 
LM380 Audio Power Amplifier 
Section 1 


LM383 7W Audio Power Amplifier 
Section 1 


LM384 5W Audio Power Amplifier 
Section 1 


LM385 Adjustable Micropower Voltage Reference 
Section 4 


LM385-1.2 Micropower Voltage Reference Diode 
Section 4 


LM385-2.5 Micropower Voltage Reference Diode 
Section 4 


LM386 Low Voltage Audio Power Amplifier 
Section 1 


LM387 /LM387 A Low Noise Dual Preamplifier 
Sectioi11 


LM388 1.5W Audio Power Amplifier 
Section 1 


LM389 Low Voltage Audio Power Amplifier with NPN 


Transistor Array 
Section 1 


LM390 1W Battery Operated Audio Power Amplifier 
Section 1 


LM391 Audio Power Driver 
Section 1 


LM392 Low Power Operational AmplifierlVoltage 


Comparator 
Section 1 


LM393 Low Power Low Offset Voltage Dual 


Comparator 
Section 3 


LM394 Supermatch Pair 
Section 5 


LM395 Ultra Reliable Power Transistor 
Section 5 


LM399 Precision Reference 
Section 4 


LM555 Timer 
Section 4 


LM555C Timer 
Section 4 


LM556 Dual Timer 
Section 4 


LM556C Dual Timer 
Section 4 


LM565 Phase Locked Loop 
Section 4 


LM565C Phase Locked Loop 
Section 4 


LM566C Voltage Controlled Oscillator 
Section 4 


LM567 Tone Decoder 
Section 4 


LM567C Tone Decoder 
Section 4 


LM611 Operational Amplifier and Adjustable 


Reference 
Section 1 


LM612 Dual-Channel Comparator and Reference 
Section 3 


LM613 Dual Operational Amplifier, Dual Comparator, 
and Adjustable Reference 
Section 3 


LM613 Dual Operational Amplifier, Dual Comparator, 


and Adjustable Reference 
Section 1 


LM614 Quad Operational Amplifier and Adjustable 


Reference 
Section 1 


LM615 Quad Comparator and Adjustable Reference 
Section 3 


LME)75Power Operational Amplifier 
Section 1 


LM709 Operational Amplifier 
Section 1 


LM710 Voltage Comparator 
Section 3 


LM725 Operational Amplifier 
Section 1 


LM741 Operational Amplifier 
Section 1 


LM747 Dual Operational Amplifier 
Section 1 


LM748 Operational Amplifier 
Section 1 


LM759 Power Operational Amplifier 
Section 1 


LM760 High Speed Differential Comparator 
Section 3 


LM831 Low Voltage Audio Power Amplifier 
Section 1 


LM833 Dual Audio Operational Amplifier 
Section 1 
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LM837 Low Noise Quad Operational Amplifier 
Section 1 


LM903 Fluid Level Detector 
Section 3 


LM1036 Dual DC Operated Tone/Volume/Balance 


Circuit 
Section 1 


LM1042 Fluid Level Detector 
Section 3 


LM1131 Dual Dolby B-Type Noise Reduction 


Processor 
Section 1 


LM1201 Video Amplifier System 
Section 2 


LM1202 230 MHz Video Amplifier System 
Section 2 


LM1203 RGB Video Amplifier System 
Section 2 


LM1203A 150 MHz RGB Video Amplifier System 
Section 2 


LM1203B 100 MHz RGB Video Amplifier System 
Section 2 


LM1204 150 MHz RGB Video Amplifier System 
Section 2 


LM1205 130 MHz RGB Video Amplifier System with 


Blanking ......................•................ 
Section 2 


LM1207 85 MHz RGB Video Amplifier System with 


Blanking 
Section 2 


LM1208 130 MHz RGB Video Amplifier System with 


Blanking 
Section 2 


LM1209 100 MHz RGB Video Amplifier System with 


Blanking 
Section 2 


LM1212 230 MHz Video Amplifier System with OSD 


Blanking 
Section 2 


LM1281 85 MHz RGB Video Amplifier System with On 


Screen Display (OSD) 
Section 2 


LM1291 Video PLL System for Continuous Sync 


Monitors 
Section 2 


LM1295 DC Controlled Geometry Correction System 


for Continuous Sync Monitors 
Section 2 


LM1391 Phase-Locked Loop 
Section 2 


LM1458 Dual Operational Amplifier 
Section 1 


LM1496 Balanced Modulator-Demodulator 
Section 4 


LM1558 Dual Operational Amplifier 
Section 1 


LM1577 SIMPLE SWITCHER Step-Up Voltage 


Regulator 
Section 3 


LM1596 Balanced Modulator-Demodulator 
Section 4 


LM1801 Battery Operated Power Comparator. 
Section 3 


LM1815 Adaptive Variable Reluctance Sensor 


Amplifier 
Section 3 


LM1819 Air-Core Meter Driver 
Section 3 


LM1823 Video IF Amplifier/PLL 
Detector System 
Section 2 


LM1830 Fluid Detector 
Section 3 


LM1851 Ground Fault Interrupter 
Section 4 


LM1865 Advanced FM IF System 
Section 4 


LM1868 AM/FM Radio System 
Section 4 


LM1875 20 Watt Power Audio Amplifier 
Section 1 


LM1875 20W Audio Power Amplifier 
Section 1 


LM1876 Dual 20W Audio Power Amplifier with Mute 


and Standby Modes 
Section 1 


LM1877 Dual Audio Power Amplifier 
Section 1 


LM1877 Dual Power Audio Amplifier 
Section 1 
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LM1881 Video Sync Separator 
Section 2 
LM1882 Programmable Video Sync Generator 
Section 2 
LM1893 Carrier-Current Transceiver 
Section 4 
LM1894 Dynamic Noise Reduction System DNR@ 
Section 1 
LM1896 Dual Audio Power Amplifier 
Section 1 
LM1896 Dual Power Audio Amplifier 
Section 1 
LM1921 1 Amp Industrial Switch 
Section 3 
LM1946 Over/Under 
Current Limit Diagnostic Circuit .. Section 3 
LM1949 Injector Drive Controller 
Section 3 
LM1950 750 mA High Side Switch 
Section 3 
LM1951 Solid State 1 Amp Switch 
Section 3 
LM1971 p.Pot 62 dB Digitally Controlled Audio 
Attenuator with Mute 
Section 1 
LM1972 p.Pot 2-Channel 78 dB Audio Attenuator with 
Mute 
Section 1 
LM1973 p.Pot 3-Channel 76 dB Audio Attenuator with 
Mute 
Section 1 
LM2416 Triple 50 MHz CRT Driver 
Section 2 
LM2416C Triple 50 MHz CRT Driver 
Section 2 


LM2418 Triple 30 MHz CRT Driver 
Section 2 
LM2419 Triple 65 MHz CRT Driver 
Section 2 
LM2427 Triple 80 MHz CRT Driver 
Section 2 
LM2577 SIMPLE SWITCHER Step-Up Voltage 
Regulator 
Section 3 
LM2876 High-Performance 40W Audio Power Amplifier 
with Mute 
Section 1 
LM2877 Dual 4 Watt Power Audio Amplifier 
Section 1 
LM2877 Dual4W Audio Power Amplifier 
Section 1 
LM2878 Dual 5 Watt Power Audio Amplifier 
Section 1 
LM2878 Dual 5W Audio Power Amplifier 
Section 1 
LM2879 Dual 8 Watt Audio Amplifier 
Section 1 
LM2879 Dual 8W Audio Power Amplifier 
Section 1 
LM2889 TV Video Modulator 
Section 2 
LM2893 Carrier-Current Transceiver 
Section 4 
LM2896 Dual Audio Power Amplifier 
Section 1 
LM2896 Dual Power Audio Amplifier 
Section 1 
LM2900 Quad Amplifier 
Section 1 
LM2901 Low Power Low Offset Voltage Quad 
Comparator 
Section 3 


LM2902 Low Power Quad Operational Amplifier 
Section 1 
LM2903 Low Power Low Offset Voltage Dual 
Comparator 
Section 3 
LM2904 Low Power Dual Operational Amplifier 
Section 1 
LM2907 Frequency to Voltage Converter 
Section 3 
LM2917 Frequency to Voltage Converter 
Section 3 
LM2924 Low Power Operational Amplifier/Voltage 
Comparator 
Section 1 
LM2925 Low Dropout Regulator with Delayed Reset 
Section 3 
LM2926 Low Dropout Regulator with Delayed Reset 
Section 3 
LM2927 Low Dropout Regulator with Delayed Reset 
Section 3 
LM2931 Series Low Dropout Regulators 
Section 3 


Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Operational Amplifiers 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 


Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 


Application Specific Analog Products 
Operational Amplifiers 
Application Specific Analog Products 
Operational Amplifiers 
Application Specific Analog Products 
Operational Amplifiers 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Operational Amplifiers 
Operational Amplifiers 


Operational Amplifiers 
Operational Amplifiers 


Operational Amplifiers 
Operational Amplifiers 
Application Specific Analog Products 
Application Specific Analog Products 


Operational Amplifiers 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 
Application Specific Analog Products 


LM2935 Low Dropout Dual Regulator 
Section 3 


LM2936 Ultra-Low Quiescent Current 5V Regulator 
Section 3 


LM2937 500 mA Low Dropout Regulator 
Section 3 


LM2940/LM2940C 
1A Low Dropout Regulators 
Section 3 


LM2984 Microprocessor Power Supply System 
Section 3 


LM3045 Transistor Array 
Section 1 


LM3045 Transistor Array 
Section 5 


LM3046 Transistor Array 
Section 5 


LM3046 Transistor Array 
Section 1 


LM3080 Operational Transconductance 
Amplifier 
Section 1 


LM3086 Transistor Array 
Section 1 


LM3086 Transistor Array 
Section 5 


LM3146 High Voltage Transistor Array 
Section 5 


LM3301 Quad Amplifier 
Section 1 


LM3302 Low Power Low Offset Voltage Quad 


Comparator 
Section 3 


LM3303 Quad Operational Amplifier 
Section 1 


LM3403 Quad Operational Amplifier 
Section 1 


LM3875 High Performance 40 Watt Audio Power 


Amplifier 
Section 1 


LM3875 High Performance 56W Audio Power 


Amplifier 
Section 1 


LM3876 High Performance 56W Audio Power Amplifier 


with Mute 
Section 1 


LM3886 High-Performance 68W Audio Power Amplifier 


with Mute 
Section 1 


LM3900 Quad Amplifier 
Section 1 


LM3905 Precision Timer 
Section 4 


LM3909 LED Flasher/Oscillator 
Section 4 


LM3914 Dot/Bar Display Driver 
Section 4 


LM3915 Dot/Bar Display Driver 
Section 4 


LM3916 Dot/Bar Display Driver 
Section 4 


LM3999 Precision Reference 
Section 4 


LM4040 Precision Micropower Shunt Voltage 


Reference 
Section 4 


LM4041 Precision Micropower Shunt Voltage 


Reference 
Section 4 


LM4250 Programmable Operational Amplifier 
Section 1 


LM4431 Micropower Shunt Voltage Reference 
Section 4 


LM4700 Overture™ 30W Audio Power Amplifier with 


Mute and Standby Modes 
Section 1 


LM4860 1W Audio Power Amplifier with Shutdown 


Mode 
Section 1 


LM4861 %W Audio Power Amplifier with Shutdown 


Mode 
Section 1 


LM4862 350 mW Audio Power Amplifier with Shutdown 


Mode 
Section 1 


LM4880 Dual 200 mW Audio Power Amplifier with 


Shutdown Mode 
Section 1 


LM6104 Quad Gray Scale Current Feedback 


Amplifier 
Section 4 
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Data Acquisition 


LM6104 Quad Gray Scale Current Feedback 


Amplifier 
Section 2 


LM6104 Quad Gray Scale Current Feedback 


Amplifier 
Section 1 
LM6118 Fast Settling Dual Operational Amplifier 
Section 1 


LM6121 High Speed Buffer 
Section 2 


LM6121 High Speed Buffer .....•.................... 
Section 2 


LM6125 High Speed Buffer 
Section 2 


LM6125 High Speed Buffer 
Section 2 


LM6132 Dual High Speed/Low 
Power 7 MHz 


Rail-to-Raill/O 
Operational Amplifier 
Section 1 


LM6134 Quad High Speed/Low 
Power 7 MHz 


Rail-to-Rail I/O Operational Amplifier 
Section 1 


LM6142 Dual High Speed/Low 
Power 17 MHz 


Rail-to-Raillnput-Output 
Operational Amplifier 
Section 1 


LM6142 Dual High Speed/Low 
Power 17 MHz 


Rail-to-Raillnput-Output 
Operational Amplifier 
Section 1 


LM6144 Quad High Speed/Low 
Power 17 MHz 


Rail-to-Raillnput-Output 
Operational Amplifier 
Section 1 


LM6144 Quad High Speed/Low 
Power 17 MHz 


Rail-to-Raillnput-Output 
Operational Amplifier 
Section 1 


LM6152 Dual High Speed/Low 
Power 45 MHz 


Rail-to-Raillnput-Output 
Operational Amplifier 
Section 1 


LM6152 Dual High Speed/Low 
Power 45 MHz 


Rail-to-Raill/O 
Operational Amplifier 
Section 2 


LM6154 Quad High Speed/Low 
Power 45 MHz 


Rail-to-Rail I/O Operational Amplifier 
Section 2 


LM6154 Quad High Speed/Low 
Power 45 MHz 


Rail-to-Raillnput-Output 
Operational Amplifier 
Section 1 


LM6161 High Speed Operational Amplifier 
Section 1 


LM6161 High Speed Operational Amplifier 
Section 2 


LM6162 High Speed Operational Amplifier 
Section 2 


LM6162 High Speed Operational Amplifier 
Section 1 


LM6164 High Speed Operational Amplifier 
Section 1 


LM6164 High Speed Operational Amplifier 
Section 2 


LM6165 High Speed Operational Amplifier 
Section 2 


LM6165 High Speed Operational Amplifier 
Section 1 


LM6171 Voltage Feedback Low Distortion Low Power 


Operational Amplifier 
Section 1 


LM6171 Voltage Feedback Low Distortion Low Power 


Operational Amplifier 
Section 2 


LM6181 100 mA, 100 MHz Current Feedback 


Amplifier 
Section 2 


LM6181 100 mA, 100 MHz Current Feedback 


Amplifier 
Section 1 


LM6182 Dual 100 mA Output, 100 MHz Dual Current 


Feedback Amplifier 
Section 1 


LM6182 Dual 100 mA Output, 100 MHz Dual Current 


Feedback Amplifier 
Section 2 


LM6218 Fast Settling Dual Operational Amplifier 
Section 1 


LM6221 High Speed Buffer 
Section 2 
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LM6221 High Speed Buffer 
Section 2 


LM6225 High Speed Buffer 
Section 2 


LM6225 High Speed Buffer 
Section 2 


LM6261 High Speed Operational Amplifier 
Section 1 


LM6261 High Speed Operational Amplifier 
Section 2 


LM6262 High Speed Operational Amplifier 
Section 2 


LM6262 High Speed Operational Amplifier 
Section 1 


LM6264 High Speed Operational Amplifier 
Section 1 


LM6264 High Speed Operational Amplifier 
Section 2 


LM6265 High Speed Operational Amplifier 
Section 2 


LM6265 High Speed Operational Amplifier 
Section 1 


LM6313 High Speed, High Power Operational 


Amplifier 
Section 1 


LM6321 High Speed Buffer 
Section 2 


LM6321 High Speed Buffer 
Section 2 


LM6325 High Speed Buffer 
Section 2 


LM6325 High Speed Buffer 
Section 2 


LM6361 High Speed Operational Amplifier 
Section 1 


LM6361 High Speed Operational Amplifier 
Section 2 


LM6362 High Speed Operational Amplifier 
Section 2 


LM6362 High Speed Operational Amplifier 
Section 1 


LM6364 High Speed Operational Amplifier 
Section 1 


LM6364 High Speed Operational Amplifier 
Section 2 


LM6365 High Speed Operational Amplifier 
Section 2 


LM6365 High Speed Operational Amplifier 
Section 1 


LM6511 180 ns 3V Comparator 
Section 3 


LM7121 Tiny Very High Speed Low Power Voltage 


Feedback Amplifier 
Section 1 


LM7131 Tiny High Speed Single Supply Operational 


Amplifier 
Section 1 


LM7131 Tiny High Speed Single Supply Operational 


Amplifier 
Section 2 


LM7171 Very High Speed High Output Current Voltage 


Feedback Amplifier 
Section 2 


LM7171 Very High Speed High Output Current Voltage 


Feedback Amplifier 
Section 1 


LM8305 STN LCD Display Bias Voltage Source 
Section 2 


LM8305 STN LCD Display Bias Voltage Source 
Section 4 


LM9044 Lambda Sensor Interface Amplifier 
Section 3 


LM9061 Power MOSFET Driver with Lossless 


Protection 
Section 3 


LM9140 Precision Micropower Shunt Voltage 


Reference 
Section 4 


LM12434 12-Bit + Sign Data Acquisition System with 


Serial I/O and Self-Calibration 
Section 1 


LM12454 12-Bit + Sign Data Acquisition System with 


Self-Calibration 
Section 1 


LM12458 12-Bit + Sign Data Acquisition System with 


Self-Calibration 
Section 1 


LM13600 Dual Operational Transconductance 


Amplifier with Linearizing Diodes and Buffers 
Section 1 


Application Specific Analog Products 
Application Specific Analog Products 


Operational Amplifiers 
Operational Amplifiers 


Application Specific Analog Products 
Application Specific Analog Products 


Operational Amplifiers 
Operational Amplifiers 


Application Specific Analog Products 
Application Specific Analog Products 


Operational Amplifiers 


Operational Amplifiers 
Operational Amplifiers 


Application Specific Analog Products 
Application Specific Analog Products 


Operational Amplifiers 
Operational Amplifiers 


Application Specific Analog Products 
Application Specific Analog Products 


Operational Amplifiers 
Operational Amplifiers 


Application Specific Analog Products 
Application Specific Analog Products 


Operational Amplifiers 
Operational Amplifiers 


Operational Amplifiers 


Application Specific Analog Products 


Operational Amplifiers 


Application Specific Analog Products 


LM13700 Dual Operational Transconductance 
Amplifier with Linearizing Diodes and Buffers 
Section 1 
LM77000 Power Operational Amplifier 
Section 1 
LMC555 CMOS Timer 
Section 4 
LMC567 Low Power Tone Decoder 
Section 4 
LMC568 Low Power Phase-Locked Loop 
Section 4 
LMC660 CMOS Quad Operational Amplifier 
Section 1 
LMC662 CMOS Dual Operational Amplifier 
Section 1 
LMC835 Digital Controlled Graphic Equalizer 
Section 1 
LMC1982 Digitally-Controlled Stereo Tone and Volume 
Circuit with Two Selectable Stereo Inputs 
Section 1 
LMC1983 Digitally-Controlled Stereo Tone and Volume 
Circuit with Three Selectable Stereo Inputs 
Section 1 
LMC1992 Digitally-Controlled Stereo Tone and Volume 
Circuit with Four-Channel Input-Selector 
Section 1 
LMC6001 Ultra Ultra-Low Input Current Amplifier 
Section 1 
LMC6008 8 Channel Buffer 
Section 4 
LMC6008 8 Channel Buffer 
Section 2 
LMC6022 Low Power CMOS Dual Operational 
Amplifier 
Section 1 
LMC6024 Low Power CMOS Quad Operational 
Amplifier 
Section 1 
LMC6032 CMOS Dual Operational Amplifier 
Section 1 
LMC6034 CMOS Quad Operational Amplifier 
Section 1 
LMC6041 CMOS Single Micropower Operational 
Amplifier 
Section 1 
LMC6042 CMOS Dual Micropower Operational 
Amplifier 
Section 1 
LMC6044 CMOS Quad Micropower Operational 
Amplifier 
Section 1 
LMC6061 Precision CMOS Single Micropower 
Operational Amplifier 
Section 1 
LMC6062 Precision CMOS Dual Micropower 
Operational Amplifier 
Section 1 
LMC6064 Precision CMOS Quad Micropower 
Operational Amplifier 
Section 1 
LMC6081 Precision CMOS Single Operational 
Amplifier 
Section 1 
LMC6082 Precision CMOS Dual Operational 
Amplifier 
Section 1 
LMC6084 Precision CMOS Quad Operational 
Amplifier 
' 
Section 1 
LMC6462 Dual Micropower, Rail-to-Raillnput 
and 
Output CMOS Operational Amplifier 
Section 1 
LMC6464 Quad Micropower, Rail-to-Raillnput 
and 
Output CMOS Operational Amplifier 
Section 1 
LMC6482 CMOS Dual Rail-to-Rail Input and Output 
Operational Amplifier 
Section 1 
LMC6484 CMOS Quad Rail-to-Rail Input and Output 
Operational Amplifier 
Section 1 
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Operational Amplifiers 
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LMC6492 Dual CMOS Rail-to-Raillnput 
and Output 
Operational Amplifier 
Section 1 
LMC6494 Quad CMOS Rail-to-Raillnput 
and Output 
Operational Amplifier 
Section 1 
LMC6572 Dual Low Voltage (3V) Operational 
Amplifier 
Section 1 
LMC6574 Quad Low Voltage (2.7V) Operational 
Amplifier 
Section 1 
LMC6582 Dual Low Voltage, Rail-to-Rail Input and 
Output CMOS Operational Amplifier 
Section 1 
LMC6584 Quad Low Voltage, Rail-to-Raillnput 
and 
Output CMOS Operational Amplifier 
Section 1 
LMC6681 Single Low Voltage, Rail-to-Raillnput 
and 
Output CMOS Amplifier with Powerdown 
Section 1 
LMC6682 Dual Low Voltage, Rail-to-Rail Input and 
Output CMOS Amplifier with Powerdown 
Section 1 
LMC6684 Quad Low Voltage, Rail-to-Rail Input and 
Output CMOS Amplifier with Powerdown 
Section 1 
LMC6762 Dual Micropower, Rail-to-Raillnput 
and 
Output CMOS Comparator 
Section 3 
LMC6764 Quad Micropower, Rail-to-Rail Input and 
Output CMOS Comparator 
Section 3 
LMC6772 Dual Micropower Rail-to-Raillnput 
and Open 
Drain Output CMOS Comparator 
Section 3 
LMC6774 Quad Micropower Rail-to-Raillnput 
and 
Open Drain Output CMOS Comparator 
Section 3 
LMC7101 Tiny Low Power Operational Amplifier with 
Rail-to-Rail Input and Output 
Section 1 
LMC7111 Tiny CMOS Operational Amplifier with 
Rail-to-Rail Input and Output 
Section 1 
LMC7211 Tiny CMOS Comparator with Rail-to-Rail 
Input 
Section 3 
LMC7221 Tiny CMOS Comparator with Rail-to-Rail 
Input and Open Drain Output 
Section 3 
LMD18400 Quad High Side Driver 
Section 3 
LMF40 High Performance 4th-Order Switched 
Capacitor Butterworth Low-Pass Filter 
Section 7 
LMF60 High Performance 6th-Order Switched 
Capacitor Butterworth Low-Pass Filter 
Section 7 


LMF90 4th-Order Elliptic Notch Filter 
Section 7 
LMF100 High Performance Dual Switched Capacitor 
Filter 
Section 7 
LMF380 Triple One-Third Octave Switched Capacitor 
Active Filter 
Section 7 
LP311 Voltage Comparator 
Section 3 


LP339 Ultra-Low Power Quad Comparator 
Section 3 
LP395 Ultra Reliable Power Transistor 
Section 5 


LP2950/ A-XX Series of Adjustable Micropower 


Voltage Regulators 
Section 3 
LP2951 / A-XX Series of Adjustable Micropower 


Voltage Regulators 
Section 3 
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Data Acquisition 


Data Acquisition 


Operational Amplifiers 
Operational Amplifiers 
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LPC660 Low Power CMOS Quad Operational 
Amplifier 
Section 1 
LPC661 Low Power CMOS Operational Amplifier 
Section 1 
LPC662 Low Power CMOS Dual Operational 
Amplifier 
Section 1 
MF4 4th Order Switched Capacitor Butterworth 
Lowpass Filter 
Section 7 
MF5 Universal Monolithic Switched Capacitor Filter 
Section 7 
MF6 6th Order Switched Capacitor Butterworth 
Lowpass Filter 
Section 7 
MF8 4th Order Switched Capacitor Bandpass Filter 
Section 7 
MF10 Universal Monolithic Dual Switched Capacitor 
Filter 
Section 7 
MM5368 CMOS Oscillator Divider Circuit 
Section 4 
MM5369 17 Stage Oscillator/Divider 
Section 4 
MM5450 LED Display Driver 
Section 4 
MM5451 LED Display Driver 
Section 4 
MM5452 Liquid Crystal Display Driver 
Section 4 
MM5453 Liquid Crystal Display Driver 
Section 4 
MM5480 LED Display Driver 
Section 4 
MM5481 LED Display Driver 
Section 4 
MM5483 Liquid Crystal Display Driver 
Section 4 
MM548416-Segment 
LED Display Driver 
Section 4 
MM5486 LED Display Driver 
Section 4 
MM58241 High Voltage Display Driver 
Section 4 
MM58341 High Voltage Display Driver 
Section 4 
MM58342 High Voltage Display Driver 
Section 4 
OP07 Low Offset, Low Drift Operational Amplifier 
Section 1 
Packing Considerations (Methods, Materials and 
Recycling) 
Section 6 
Packing Considerations (Methods, Materials and 
Recycling) 
Section 5 
Packing Considerations (Methods, Materials and 
Recycling) 
Section 9 
Recommended Soldering Profiles-Surface 
Mount 
Section 9 
Recommended Soldering Profiles-Surface 
Mount 
Section 5 
Recommended Soldering Profiles-Surface 
Mount 
Section 6 
TL081 Wide Bandwidth JFET Input Operational 
Amplifier 
Section 1 
TL082 Wide Bandwidth Dual JFET Input Operational 
Amplifier 
Section 1 
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Voltage Regulators 
Definition of Terms 


Current-Limit 
Sense 
Voltage: 
The voltage 
across 
the cur- 
rent 
limit terminals 
required 
to cause 
the 
regulator 
to cur- 
rent-limit 
with a short 
circuited 
output. 
This voltage 
is used 


to determine 
the value 
of the external 
current-limit 
resistor 
when 
external 
booster 
transistors 
are used. 


Dropout 
Voltage: 
The 
input-output 
voltage 
differential 
at 
which 
the 
circuit 
ceases 
to regulate 
against 
further 
reduc- 
tions 
in input voltage. 


Feedback 
Sense 
Voltage: 
The voltage. 
referred 
to ground. 
on the feedback 
terminal 
of the regulator 
while 
it is operat- 
ing in regulation. 


Input 
Voltage 
Range: 
The range of dc input voltages 
over 
which 
the regulator 
will operate 
within 
specifications. 


Line 
Regulation: 
The 
change 
in 
output 
voltage 
for 
a 
change 
in the input voltage. 
The measurement 
is made un· 
der 
conditions 
of 
low dissipation 
or by using 
pulse 
tech- 


niques 
such that the average 
chip temperature 
is not signifi- 


cantly 
affected. 


Load 
Regulation: 
The 
change 
in 
output 
voltage 
for 
a 


change 
in load current 
at constant 
chip temperature. 


Long 
Term 
Stability: 
Output 
voltage 
stability 
under 
accel- 
erated 
life-test 
conditions 
at 12SoC with maximum 
rated volt- 


ages and power 
dissipation 
for 1000 hours. 


Maximum 
Power 
Dissipation: 
The 
maximum 
total 
device 


dissipation 
for which the regulator 
will operate 
within specifi- 


cations. 


Output-Input 
Voltage 
Differential: 
The voltage 
difference 


between 
the 
unregulated 
input 
voltage 
and 
the 
regulated 


output 
voltage 
for which 
the 
regulator 
will 
operate 
within 


specifications. 


Output 
Noise 
Voltage: 
The RMS ac voltage 
at the output 


with 
constant 
load 
and 
no input 
ripple. 
measured 
over 
a 


specified 
frequency 
range. 


Output 
Voltage 
Range: 
The range of regulated 
output 
volt- 


ages over which 
the specifications 
apply. 


Output 
Voltage 
Scale 
Factor: 
The output 
voltage 
obtained 


for a unit value of resistance 
between 
the adjustment 
termi- 


nal and ground. 


Quiescent 
Current: 
That part of input current 
to the regula- 


tor that is not delivered 
to the load. 


Ripple 
Rejection: 
The line regulation 
for ac input signals 
at 


or above 
a given frequency 
with a specified 
value of bypass 


capacitor 
on the reference 
bypass 
terminal. 


Standby 
Current 
Drain: 
That part of the operating 
current 


of the regulator 
which 
does 
not contribute 
to the load cur- 


rent. (See Quiescent 
Current) 


Temperature 
Stability: 
The 
percentage 
change 
in output 


voltage 
for a thermal 
variation 
from 
room 
temperature 
to 


either 
temperature 
extreme. 


Thermal 
Regulation: 
Percentage 
change 
in output 
voltage 


for a given change 
in power dissipation 
over a specified 
time 


period. 
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Adjustable 
Positive Voltage Regulators 


Output 
Output 
Input 
Operating 
Package 
Page 
Current 
Device 
Voltage 
Voltage 
Temperature 
Availability" 
No. 
(A) 
(V) 
(V)' 
(TjOC) 


5.0 
LM138 
1.21032 
Ditt. " 40 
-5510 
+150 
K2 
1-83 


LM338 
1.21032 
Ditt. ,;; 40 
010 +125 
K2,T3 
1-83 


3.0 
LM150 
1.21032 
Ditt. " 35 
-5510 
+150 
K2 
1-114 


LM350 
1.21032 
Ditt. " 
35 
010 + 125 
K2, T3 
1-114 


LM350A 
1.21032 
Ditt. " 
35 
-4010 
+125 
T3 
1-114 


1.5 
LM117 
1.21037 
Ditt. " 40 
-5510 
+150 
K2 
1-20 


LM117A 
1.21037 
Ditt. " 40 
-5510 
+150 
K2··· 
1-20 


LM117HV 
1.21057 
Ditt. " 60 
-5510 
+150 
K2··· 
1-32 


LM317 
1.21037 
Ditt. " 40 
010 +125 
K2,S3,T3 
1-20 


LM317A 
1.21037 
Ditt. " 40 
-4010 
+125 
T3 
1-20 


LM317HV 
1.21057 
Ditt. " 60 
010 +125 
K2,T3 
1-32 


0.5 
LM117 
1.21037 
Ditt. " 40 
-5510 
+150 
H3, E20'" 
1-20 


LM117A 
1.21037 
Ditt. ,;; 40 
-5510 
+150 
H3··· 
1-20 


LM117HV 
1.21057 
Ditt. " 60 
-5510 
+ 150 
H3 
1-32 


LM317 
1.21037 
Ditt. " 
40 
010 +125 
H3 
1-20 


LM317A 
1.21037 
Ditt. " 
40 
-4010 
+ 125 
H3 
1-20 


LM317HV 
1.21057 
Ditt. " 
60 
010 +125 
H3 
1-32 


0.1 
LM317L 
1.21037 
Ditt. " 
40 
-4010 
+125 
M8,Z3 
1-20 


-In cases 
where 
the regulator 
is "floating" 
the maximum 
input-ta-output 
voltage 
differential 
is listed . 


• ·Under 
Package 
Availability 
the letter identifies the type of package 
available 
and the number indicates 
the number of leads of the package. 


For example: T5 ~ 5-Lead TO-220, and M8 ~ 8-Lead Surface Mount. 
E: Leadless 
Ceramic 
Chip Carrier 
H: Metal Can (TO-39, TO-99) 
K: Metal Can (TO-3) 
M: Small Outline Molded Package (Surface Mount) 
S: TO-263 (Power Surface Mounl) 
T: TO-22O 
Z: TO-92 


···Available 
in indicated 
package 
only as a military specified 
device. 


Adjustable 
Negative Voltage Regulators 


Output 
Output 
Input 
Operating 
Package 
Page 
Current 
Device 
Voltage 
Voltage 
Temperature 
Availability" 
No. 


(A) 
(V) 
(V)' 
(TJ"C) 


3.0 
LM133 
-1.210 
-32 
Ditt. ,,; 35 
-55to 
+150 
K2 
1-64 


LM333 
-1.210 
-32 
Ditt. ,,; 35 
-4010 
+125 
K2,T3 
1-64 


1.5 
LM137 
-1.210 
-37 
Ditt. ,,; 40 
-55 to + 150 
K2··· 
1-71 


LM137A 
-1.2to 
-37 
Ditt. ,,; 40 
-55 to + 150 
K2··· 
1-77 


LM137HV 
-1.2to-47 
Ditt. ,,; 50 
-55to 
+150 
K2··· 
1-71 


LM337 
-1.2to 
-37 
Ditt. ,,; 40 
Oto +125 
K2,T3 
1-71 


LM337HV 
-1.2to 
-47 
Ditt. ,,; 50 
Oto +125 
K2 
1-77 


0.5 
LM137 
-1.2 to -37 
Ditt. ,,; 40 
-55to 
+150 
H3 
1-71 


LM137A 
-1.2 to -37 
Ditt. ,,; 40 
-5510 
+150 
H3'" 
1-71 


LM137HV 
-1.2to 
-47 
Ditt. ,,; 50 
-55to 
+150 
H3'" 
1-77 


LM337 
-1.2to 
-37 
Ditt. ,,; 40 
Oto +125 
H3 
1-71 


LM337HV 
-1.2to 
-47 
Ditt."; 
50 
Oto +125 
H3 
1-77 


0.1 
LM337L 
-1.2 to -37 
Ditt. ,,; 40 
-25to 
+125 
M8,Z3 
1-71 


'In cases where the regulator is "floating" 
the maximum input-te-output 
voltage differential 
is listed. 


"Under 
Package 
Availability the letter identifies the type of package 
available 
and the number indicates the number of leads of the package. 


For example: T5 ~ 5-Lead TO-220, and M8 = 8-Lead Surface Mount. 
H: Metal Can (T0-39, TO-99) 
K: Metal Can (T0-3) 
M: Small Outline Molded Package (Surface Mount) 
T: T0-220 
Z: TO-92 


"'Available 
in indicated 
package 
only as a military specified device. 


Building Block Adjustable 
Positive and Nega~iveVoltage Regulators 


Output 
Output 
Input 
Operating 
Package 
Page 
Current 
Device 
Voltage 
Voltage 
Temperature 
Availability' 
No. 
(mA) 
(V) 
(V) 
(TJ"C) 


150 
LM723 
2t037 
9.5 to 40 
-55 to + 150 
Hl 0, J14", 
E20" 
1-149 


LM723C 
2t037 
9.51040 
Oto +150 
Hl0,N14 
1-149 


45 
LM105 
4.5 to 40 
8.5 to 50 
-55to 
+150 
H8 
1-8 


LM305 
4.51040 
8.5 to 50 
010 +85 
H8 
1-8 


LM305A 
4.5 to 40 
8.5 to 50 
Oto +150 
H8 
1-8 


'Under 
Package 
Availability the letter identifies the type of package 
available 
and the number indicates the number of leads of the package. 
For example: 
T5 = 5-Lead 
TO-220, 
and Me = 8-Lead 
Surface 
Mount. 


E: Leadless 
Ceramic 
Chip Carrier 


H: Metal Can (T0-99, TO-100) 
J: ceramic 
Dual·ln-Une 
Package 


N: Molded Dual-In-Line 
Package 


•• Available 
in indicated package 
only as a military specified device. 
III 


{;urrent 
Device 
Voltage 
Voltage 
Temperature 
. •._n..l:t •.•. 
• g~ 
••• 


Availability· 
No. 
(A) 
(V) 
(V) 
(TjOC) 


3.0 
LM123 
5 
20 
-5510 
+ 150 
K2 
1-51 


LM323 
5 
20 
010 +125 
K2 
1-51 


LM323A 
5 
20 
-4010 
+125 
K2 
1-51 


1.0 
LM140 
5,12,15 
35 
-5510 
+150 
K2 
1-95 


LM140A 
5,12,15 
35 
-5510 
+150 
K2·· 
1-95 


LM340 
5,12 
35 
010 +150 
K2,S3,T3 
1-95 


15 
35 
010 +150 
K2,T3 
1-95 


LM340A 
5 
35 
010 +150 
K2,T3 
1-95 


12,15 
35 
010 +150 
T3 
1-95 


LM78XX 
5,12,15 
35 
-5510 
+150 
K2 
1-168 


LM78XXC 
5,6,8,12,15,18,24 
35 
010 +150 
T3 
1-168 


LM109 
5 
35 
-5510 
+150 
K2 
1-14 


LM309 
5 
35 
010 + 125 
K2 
1-14 


0.5 
LM140 
5,6,8,12,15,24 
35 
-5510 
+150 
H3·· 
1-95 


LM140A 
15 
35 
-5510 
+150 
H3·· 
1-95 


LM341 
5,12,15 
35 
-4010 
+125 
T3 
1-143 


LM78MXXC 
5,12,15 
35 
-4010 
+125 
H3 
1-143 


0.2 
LM109 
5 
35 
-5510 
+150 
H3 
1-14 


LM309 
5 
35 
010 +125 
H3 
1-14 


0.1 
LM140LA 
5,12,15 
35 
-5510 
+ 150 
H3 
1-106 


LM340LA 
5,12,15 
35 
010 +150 
H3,Z3 
1-106 


LM78LXXAC 
5,12,15 
35 
010 + 125 
H3, M8 
1-158 


LM78LXXAC 
5, 6.2, 8.2, 9, 12, 15 
35 
010 +125 
Z3 
1-158 


·Under 
Package Availability the letter tdentifies the type of package available and the number indtcates the number of leads of the package. 


For example: T5 = 5-Lead TO-220. and Me = 8-Lead Surface Mount. 
H: Metal Can (TO-39) 
K: Metal Can (TO-3) 
M: Small Outline Molded Package (Surface Mount) 
S: TO-263 (Power Surface Mount) 
T: TO-220 
Z: TO-92 


··Available 
in indicated package only as a military specified device. 


VUlPUI 
UUlPUI 
MIII.lllpUl 
UPCIClUIlY 
Package 
Page 
Current 
Device 
Voltage 
Voltage 
Temperature 
Availability' 
No. 
(A) 
(V) 
(V) 
(Tj"C) 


3.0 
LM145 
-5, 
-5.2 
-20 
-55 to + 150 
K2" 
1-110 


LM345 
-5 
-20 
Oto +125 
K2 
1-110 


1.5 
LM120 
-5 
-25 
-55 to + 150 
K2" 
1-42 


-12, 
-15 
-35 
-55 to + 150 
K2" 
1-42 


LM320 
-5 
-25 
Oto +125 
K2,T3 
1·42 


-12, 
-15 
-35 
Oto +125 
K2,T3 
1-42 


LM79XXC 
-5 
-35 
Oto +125 
T3 
1-178 


-12, 
-15 
-40 
Oto +125 
T3 
1-178 


0.5 
LM120 
-5 
-25 
-55 to + 150 
H3 
1-42 


LM320 
-5 
-25 
Oto +125 
H3 
1-42 


LM79MXXC 
-5 
-25 
Oto +125 
T3 
1-171 


-12, 
-15 
-35 
Oto +125 
T3 
1-171 


0.2 
LM120 
-12, 
-15 
-35 
-55 to + 150 
H3 
1-42 


LM320 
-12, 
-15 
-35 
Oto +125 
H3 
1-42 


0.1 
LM320L 
-5, 
-12, 
-15 
-35 
Oto +125 
Z3 
1-137 


LM79LXXAC 
-5, 
-12, 
-15 
-35 
Oto +125 
M8,Z3 
1-158 


Output 
Output 
Max. Input 
Operating 
Package 
Page 
Current 
Device 
Voltage 
Voltage 
Temperature 


(A) 
(V) 
(V) 
(Tj"C) 
Availability' 
No. 


0.15 
LM431AI 
2.5to 36 
37 
-40 to +150 
Z3 
3-188 


LM431AC 
2.5 to 36 
37 
Oto +150 
M8,Z3 
3-188 


·Under Package Availability the letter identifies the type of package available and the number indicates the number of leads of the package. 
For example: T5 = S·Lead TO·220, and M8 = 8-Lead Surface Mount. 
H: Metal Can (TO-39) 
K: Metal Can (TO-3) 
M: Small Outline Molded Package (Surface Mount) 
T: TO-220 
Z: TO-92 


··Available 
in indicated package only as a military specified device. 


f}1National 
Semiconductor 


LM 105/LM205/LM305/LM305A, 
LM376 Voltage Regulators 


General Description 


The LM105 series are positive voltage regulators similar to 
the LM100, except that an ex1ragain stage has been added 
for improved regulation. A redesign of the biasing circuitry 
removes any minimum load current requirement and at the 
same time reduces standby current drain, permitting higher 
voltage operation. They are direct, plug-in replacements for 
the LM100 in both linear and switching regulator circuits 
with output voltages greater than 4.5V. Important character- 
istics of the circuits are: 
• 
Output voltage adjustable from 4.5V to 40V 


• 
Output currents in excess of 10A possible by adding 
ex1ernaltransistors 


• 
Load regulation better than 0.1%, full load with current 
limiting 


• 
DC line regulation guaranteed at 0.03%/V 
• 
Ripple rejection on 0.01%V 
• 
45 mA output current without ex1ernal pass transistor 
(LM305A) 


Like the LM100, they also feature fast response to both load 
and line transients, freedom from oscillations with varying 
resistive and reactive loads and the ability to start reliably on 
any load within rating. The circuits are built on a single sili- 
con chip and are supplied in a TO-99 metal can. 
The LM105 is specified for operation for -55·C 
,;; TA ,;; 


+ 125·C, and the LM305/LM305A is specified for O·C ,;; TA 
,;; +70·C. 


GROUND 


TLIH/7755-1 


Metal Can Package 


REGULATfD 
OUTPtIT 


Top View 


Order 
Number 
LM105H, 
LM105H/883, 


SMD #5962-8958801, 
LM305H 
or LM305AH 


See NS Package 
Number 
H08C 


Absolute Maximum Ratings 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
please 
contact 
the 
National 
Semiconductor 
Sales 
Office/ 


Distributors 
for 
availability 
and 
specifications. 


(Note 
5) 


LM105 
LM305 
LM305A 


Input Voltage 
50V 
40V 
50V 


Input-Output 
Differential 
40V 
40V 
40V 


Power Dissipation 
(Note 1) 
800mW 
800mW 
800mW 


Operating 
Temperature 
Range 
- 55'C to + 125'C 
-O'C 
to + 70'C 
O'Cto 
+70'C 


Storage 
Temperature 
Range 
- 65'C to + 150'C 
- 65'C to + 150'C 
- 65'C to + 150'C 


Lead Temperature 
(Soldering, 
10 seconds) 
300'C 
300'C 
300'C 


Electrical Characteristics 
(Note 2) 


Parameter 
Conditions 
LM105 
LM305 
LM305A 
Units 


Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


Input Voltage 
Range 
8.5 
50 
8.5 
40 
8.5 
50 
V 


Output Voltage 
Range 
4.5 
40 
4.5 
30 
4.5 
40 
V 


Input-Output 
Voltage 
3.0 
30 
3.0 
30 
3.0 
30 
V 


Differential 


Load Regulation 
Rge = 10n, 
TA = 25'C 
0.02 
0.05 
0.02 
0.05 
% 


(Note 3) 
Rge = 10n, 
TA = TA(MAX) 
0.03 
0.1 
0.03 
0.1 
% 


Rge = 10n, 
TA = TA(MIN) 
0.03 
0.1 
0.03 
0.1 
% 


0,,; 
'0"; 
12mA 
0,,; 
10 ,,; 12 mA 


Rge = on, TA = 25'C 
0.02 
0.2 
% 


Rge = on, 
TA = 70'C 
0.03 
0.4 
% 


Rge = on, 
TA = O'C 
0.03 
0.4 
% 


0,,; 
10"; 45 mA 


Line Regulation 
TA = 25'C 
%N 


O'C"; 
TA"; 
+70'C 
%/V 


VIN - 
Your 
,,; 5V, TA = 25'C 
0.025 
0.06 
0.025 
0.06 
0.025 
0.06 
%N 


VIN - 
Vour;;' 
5V, TA = 25'C 
0.015 
0.03 
0.015 
0.03 
0.015 
0.03 
%N 


Temperature 
Stability 
TA(MIN) ,,; TA ,,; TA(MAX) 
0.3 
1.0 
0.3 
1.0 
0.3 
1.0 
% 
• 


Electrical Characteristics 
(Note 2) (Continued) 


Parameter 
Conditions 
LM10S 
LM30S 
LM30SA 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 


Feedback 
Sense Voltage 
1.63 
1.7 
1.81 
1.63 
1.7 
1.81 
1.55 
1.7 
1.85 
V 


Output 
Noise Voltage 
10Hz 
~ f ~ 10kHz 


CREF = 0 
0.005 
0.005 
0.005 
% 


CREF = 0.1 J.loF 
0.002 
0.002 
0.002 
% 


Standby 
Current 
Drain 
VIN = 30V, TA = 25'C 
mA 


VIN = 40V 
0.8 
2.0 
mA 


VIN = 50V 
0.8 
2.0 
0.8 
2.0 
mA 


Current 
Limit 
TA = 25'C, 
Rsc = 10.0., 


225 
300 
375 
225 
300 
375 
225 
300 
375 
mV 
Sense Voltage 
VOUT = OV, (Note 4) 


Long Term Stability 
0.1 
0.1 
0.1 
% 


Ripple Rejection 
CREF = 10 J.loF,f = 120 Hz 
0.003 
0.003 
0.003 
%/V 


IJJA 
TO-99 
Board Mount 
230 
230 
230 
'C/W 
in Still Air 


IJJA 
TO-99 
Board Mount in 
92 
92 
92 
'C/W 
400 LF/Min 
Air Flow 


IJJC 
TO-99 
25 
25 
25 
'C/W 


Note 
1: The maximum junction temperature 
of the LM105 
and LM305A 
is 150"C. and the LM305 
is 85°C. 
For operation 
at elevated 
temperatures. 
devices 
in the 
HOBC package 
must be derated 
based on a thermal resistance 
of 1saoC/W junction to ambient, 
or 25"C/W junction to case. Peak dissipations to 1W are allowable 
providing the dissipation rating is not exceeded 
with the power average 
over a five second interval for the LM105 
and averaged 
over a two second interval for the 
LM305. 


Note 
2: Unless otherwise 
specified, 
these specifications 
apply for temperatures 
within the operating 
temperature 
range, for input and output voltages 
within the 
range given, and for a divider impedance 
seen by the feedback 
terminal of 2 kfi. 
Load and line regulation 
specifications 
are for a constant 
junction temperature. 


Temperature 
drift effects 
must be taken into account 
separately 
when the unit is operating 
under conditions 
of high dissipation. 


Note 
3: The output currents given, as well as the load regulation, 
can be increased 
by the addition of external transistors. The improvement 
factor will be roughly 
equal to the composite 
current gain of the added transistors. 


Note 
4: With no external 
pass transistor. 


Note 
5: Refer to RETS10SX 
Drawing for military specifications 
for the LM10S. 


Typical Performance Characteristics 
LM105/LM305/LM305A 


Current Limiting 
Load Regulation 
Load Regulation 
Characteristics 


D 
I 
D 
I 
1D 
~ ~ ~- 
l,'lSOC 
~ 
R,,-loO 
.~r--'l-- 


-Ul 
•• 
II 


-DD1 
- 
~ 
T,··SS-c 
I 
" 
IT'lS~ 
.••.. 
T,·Zs-t 
. 


-~~ 


.,.: 
-0." 
D.' 
-~ 
-~ 
-~ 


·1.12 


-T."'""' 
, 
;; 
;; 
~ 
"a'D 
T,·-n't: . 
-I .• 
D.' 
I 
I 
.... 


-0.1l 
I 
I 
-0.01 
I 
I 
1,.'lS"t 
I 
D.2 Ase -Ton 
I 


-0.001 
I 
I 
-1.1 
• 
• 
D 
• 
" 
" 


2D 
D 
" 


2D 
JO 
.. 
D 
" 


2D 
2D 
.. 
so 


lOAO CURRENT IIftA) 
lOAD CURRENT h",,) 
OUTPUT CURRENT 
(IIlAI 


Optimum Divider Resistance 


Current Limit Sense Voltage 
Short Circuit Current 
Values 


Ii 
I 
I 


3.2 


I 
11111112·1'0 
.. 
AI-Ill 
YOUT 
10 ~5"'A 
••.... 
3D 


D' 
• 
••.... 
AK"TOn 
2.' 
JO 


•.. 
. AK"'ID 
••.... 
... 


100... 


2D 
I'-l... 
••... 


l" 
100... 
No.. 
... 
....• 
2.' 
'"' 
'.3 
.....• 
Rc-lln 
r'" 
""" 


22 
- 
1D 
-- 
IT 
2D 


-15 -50·n 
D " 
50 15 tOO115 ,SO 
-15 -51 -15 
D 
lS •• 
15100 
125 ,so 
• 
" 
" 
so 


JUNCTION 
TEM'ERATURE 
f'el 
AMIIENT 
TEMPERATURE 
rei 
OUTPUT VOLTAGE 1\/1 


Minimum Input Voltage 
Regulator Dropout Voltage 
Supply Voltage Rejection 


'D 
r-v~UT 
~•• ~ 


13 
" 
VouT'lav 
\/00,11· 
lOll 


AK -tOf} 
D." 
T••·25"C 


... 
0.021 
~ 
I I 


l.o'" 
•...... , 
Il"2DIIIA 
I '\ 
I r 
C•• ,·O 


1D 
!.•••• 
12 
~ 'r' 


0.01 


".;r- 
'l'llm'" 
0005 


Il'SmA 
'''''i- 
:1'..··,,·, 
0002 
I 
120H, 
" 
11 
00" 
I . I I I 


-J> 
·SO 
-J> 
D " 


SO 
J> 
1111 
12. 
-15 -50 
·lS 
D 
2S 
SO " 
100 
125 
, 
2 
, " " 
SO 


TEMPERATURE '·CI 
TEMPERATURE I!CI 
IN'UT OUH'UT VOL fAGE DIFFEfUNT'''lIVI 


Minimum Output Voltage 
Standby Current Drain 
Transient Response 
.. 
12 
.. 
Rsc"IDO 
/ 
llNE 
lI.V••• " ~V 
.. 
11 
D 
/ 
-~~·C ." 
·r 


OUT 


"I 


tOY 


1./ 
, 
"D 


" 
./ 


I.D 
15·c 
-Cl"1l 
_ 
Asc· 
IIKl 
~.--r 
... 
---Cl"JIof 
l'l-lOmA 


-1 
••.l·1.0mA 
'" 
..:~ 
lZ~·C 
I 
Vou,'10V 
3D 
". 


D.' •.......' 
JlOAO 
- 
I 
D 
I 
I 
.,.- 


" 


0.• 10 
I 
-4" 
, 
I 
I 


·IS 
·SO 
·lS 
D 
lS 
so " 
100 lU 
2D 
3D 
.. 
SO 
D 
ID 
2D 
3D 
TEMPERATURE I"CI 
INPUT VOl TAGE tVI 
TIME (",t 


TL/H/7755-6 


III 


C3t 


3.3"" I 
'IV 
C.·I 


5OO~F 
,ov 


t4t 


4.7~F~ 
tSolid tantalum . 


• Electrolytic 


c. 
+ 


4.7 "" 
35V 


tProtects 
against shorted input or inductive leads on 
R2 
unregulated supply. 


2.'3K 
", 
·Protects 
against 
input voltage 
reversal. 


:t:Protects against 
output voltage 
reversal. 


Rl 
1.1 
2W 
'out - 
1A 


Switching 
Regulator 
•• 
2M 


tSolid 
tantaium. 


*125 turns = 22 on Arnold 
Engineering 
A262123-2 
molybdenum 
permally 


core. 
TL/HI7755-11 


tProtects 
against 
shorted 
input 0( inductrve loads on 
unregulated 
supply . 


•~rotects against 
input 
R2 
voltage reversal. 


~~3k 
~Protects against 
output 
voltage 
reversal. 


General Description 


The LM 109 series are complete 
5V regulators 
fabricated 
on 


a single 
silicon 
chip. They are designed 
for local regulation 


on digital 
logic 
cards, 
eliminating 
the distribution 
problems 


association 
with 
single-point 
regulation. 
The 
devices 
are 


available 
in two standard 
transistor 
packages. 
In the solid- 
kovar TO-5 
header, 
it can deliver 
output 
currents 
in excess 


of 200 
mA, if adequate 
heat 
sinking 
is provided. 
With 
the 


TO-3 power 
package, 
the available 
output 
current 
is greater 


than 
1A. 


The regulators 
are essentially 
blowout 
proof. Current 
limiting 


is included 
to limit the peak output 
current 
to a safe value. 
In 


addition, 
thermal 
shutdown 
is provided 
to keep the IC from 


overheating. 
If internal 
dissipation 
becomes 
too 
great, 
the 


regulator 
will shut down 
to prevent 
excessive 
heating. 


Considerable 
effort 
was 
expended 
to make 
these 
devices 


easy to use and to minimize 
the number 
of external 
compo- 


nents. 
It is not necessary 
to bypass the output, 
although 
this 


does 
improve 
transient 
response 
somewhat. 
Input bypass- 


ing 
is needed, 
however, 
if the 
regulator 
is located 
very 


far from the filter capacitor 
of the power 
supply. 
Stability 
is 


also achieved 
by methods 
that provide 
very good 
rejection 


of load or line transients 
as are usually 
seen with TTL logic. 


Although 
designed 
primarily 
as a fixed-voltage 
regulator, 
the 


output of the LM1 09 series can be set to voltages 
above 5V, 


as shown. 
It is also possible 
to use the circuits 
as the con- 
trol element 
in precision 
regulators, 
taking 
advantage 
of the 


good 
current-handling 
capability 
and the thermal 
overload 


protection. 


Features 


• 
Specified 
to 
be compatible, 
worst 
case, 
with 
TTL 
and 


DTL 


• 
Output 
current 
in excess 
of 1A 


• 
Internal 
thermal 
overload 
protection 


• 
No external 
components 
required 


Absolute Maximum Ratings 
If 
Military/Aerospace 
specified 
devices 
are 
required, 
please 
contact 
the 
National 
Semiconductor 
Sales 


Office/Distributors 
for 
availability 
and 
specifications. 


(Note 
3) 


Input Voltage 


Power Dissipation 


Operating 
Junction 
Temperature 
Range 


LM109 


LM309 


Storage 
Temperature 
Range 


Lead Temperature 
(Soldering, 
10 sec.) 


- 55'C to + 150'C 


O'C to + 125'C 


- 65'C to + 150'C 


300'C 
35V 


Internally 
Limited 


LM109 
LM309 
Units 
Parameter 
Conditions 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


Output Voltage 
Tj = 25'C 
4.7 
5.05 
5.3 
4.8 
5.05 
5.2 
V 


Line Regulation 
Tj = 25'C 
4.0 
50 
4.0 
50 
mV 


7.10V';; 
VIN ,;; 25V 


Load Regulation 
Tj = 25'C 


TO-39 
Package 
5 mA ,;; lOUT';; 
0.5A 
15 
50 
15 
50 
mV 


TO-3 Package 
5 mA ,;; lOUT';; 
1.5A 
15 
100 
15 
100 
mV 


Output Voltage 
7.40V 
,;; VIN ,;; 25V, 
4.6 
5.4 
4.75 
5.25 
V 


5 mA ,;; lOUT';; 
IMAX, 


P < PMAX 


Quiescent 
Current 
7.40V 
,;; VIN ,;; 25V 
5.2 
10 
5.2 
10 
mA 


Quiescent 
Current 
Change 
7.40V 
,;; VIN ,;; 25V 
0.5 
0.5 
mA 


5 mA ,;; lOUT';; 
IMAX 
0.8 
0.8 
mA 


Output 
Noise Voltage 
TA = 25'C 
40 
40 
/,-V 


10Hz,;; 
f,;; 100kHz 


Long Term Stability 
10 
20 
mV 


Ripple 
Rejection 
Tj = 25'C 
50 
50 
dB 


Thermal 
Resistance, 
(Note 2) 


Junction 
to Case 


TO-39 
Package 
15 
15 
'C/W 
TO-3 Package 
2.5 
2.5 
'C/W 


Note 
1: Unless otherwise 
specified, these specifications 
apply -5SoC 
s::Tj s:: + 150·C for the LM109 and O°C s::Tj s:: + 12SoC for the LM309; VIN = 10V; and 
lOUT - 
O.1A for the TO-39package or lOUT ~ O.5A for the TO-3package. For the TO-39package, IMAX~ O.2A and PMAX- 
2.0W. For the TO-3package, IMAX 
~ 
1.0A and PMAX~ 20W. 


Note 2: Without a heat sink, the thermal resistance of the TO-39 package is about 1SfrC/W. while that of the TO-3 package is approximately 
35°C/W. With a heat 


sink, the effective thermal resistance 
can only approach 
the values specified, 
depending 
on the efficiency 
of the sink. 


Note 3: Refer to RETS109H 
drawing for LM109H or RETS109K 
drawing for LM109K military specifications. 


GND 


DUT'UTA~(CASEI,,§;J 


Order 
Number 
LM109H, 
LM109H/883 
or LM309H 


See NS Package 
Number 
H03A 


TL/H/7138-3 


Order 
Number 
LM109K 
STEEL 
or LM309K 
STEEL 


See NS Package 
Number 
K02A 
Order 
Number 
LM109K/883 
See NS Package 
Number 
K02C 


Application Hints 


a. Bypass the Input of the LM109 to ground with ~ 0.2 ",F 


ceramic or solid tantalum capacitor if main filter capacitor 
is more than 4 inches away. 
b. Avoid Insertion of regulator Into "live" socket if input 


voltage is greater than 10V. The output will rise to within 
2V of the unregulated input if the ground pin does not 
make contact, possibly damaging the load. The LM109 
may also be damaged if a large output capacitor is 
charged up, then discharged through the internal clamp 
zener when the ground pin makes contact. 


c. The output 
clamp zener is designed to absorb tran- 
sients only. It will not clamp the output effectively if a 
failure occurs in the internal power transistor structure. 
Zener dynamic impedance is ;:: 40. Continuous RMS 
current into the zener should not exceed O.SA. 


d. Paralleling of LM109s for higher output current is not 


recommended. Current sharing will be almost nonexis- 
tent, leading to a current limit mode operation for devices 
with the highest initial output voltage. The current limit 
devices may also heat up to the thermal shutdown point 
(;:: 17S"C). Long term reliability cannot be guaranteed 
under these conditions. 


e. Preventing 
latchoff 
for loads connected to negative 


voltage: 


If the output of the LM109 is pUlled negative by a high cur- 
rent supply so that the output pin is more than O.SVnegative 
with respect to the ground pin, the LMl 09 can latch off. This 
can be prevented by clamping the ground pin to the output 
pin with a germanium or Schottky diode as shown. A silicon 
diode (lN4001) at the output is also needed to keep the 
positive output from being pulled too far negative. The 100 
resistor will raise +VOUT by;:: 
O.OSV. 


·Zener is internal to LM109. 


··Q1 must be able to withstand 7A continuous 
current if fusing is not used at regulator input. lM109 bond wires will fuse at currents above 7A. 


tQ2 is selected for surge capability. Consideration 
must be given to filter capacitor size. transformer 
impedance, and fuse blowing time. 


ttTrip 
point is '" 7.5V. 


Maximum 
Average 
Power 
Dissipation 
(LM109K) 


Maximum 
Average 
Power 
Dissipation 
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Note 
1: Current 
limiting foldback 
characteristics 
are determined 
by input output differen- 
tial, not by output voltage. 


Maximum 
Average 
Power 
Dissipation 
(LM309K) 
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Maximum 
Average 
Power 
Dissipation 
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C2 ~ 
l.ClltFt 


SOLID 
TANTALUM 


el· 
1.0pl' 
SOLID 
TANTALUM 


TLlH17138-2 


·Required 
if regulator 
is located 
more than 4 If from power supply filter ca- 


pacitor. 
tAlthough 
no output capacitor 
is needed for stability, it does improve tran- 


sient response. 


C2 should be used whenever 
long wires are used to connect to the load, or 


when transient 
response 
is critical. 


Note: Pin 3 electrically connected to case. 


·Regulation 
better than 0.01 %, load, line and temperature, 
can be obtained. 


tDetermines 
zener current. May be adjusted to minimize thermal drift. 


tSolid tantalum. 


01 
lNI29 
62V 


Rl 
300 
5 V: VOUT" 
2.5 V 


1% 


OUTPUT 
IOV 
$lA 


t!JNational 
Semiconductor 


LM117/LM317A/LM317 
3-Terminal Adjustable Regulator 


General Description 


The LM117 
series 
of adjustable 
3-terminal 
positive 
voltage 
regulators 
is capable 
of supplying 
in excess 
of 1.5A over a 
1.2V to 37V output 
range. 
They 
are exceptionally 
easy 
to 
use and require 
only two external 
resistors 
to set the output 
voltage. 
Further, 
both 
line 
and 
load 
regulation 
are 
better 
than standard 
fixed regulators. 
Also, the LM117 is packaged 
in standard 
transistor 
packages 
which 
are easily 
mounted 
and handled. 


In addition 
to higher 
performance 
than fixed regulators, 
the 
LM117 series offers full overload 
protection 
available 
only in 
IC's. Included 
on the chip are current 
limit, thermal 
overload 
protection 
and safe area protection. 
All overload 
protection 
circuitry 
remains 
fully functional 
even 
if the adjustment 
ter- 
minal is disconnected. 


Normally, 
no capacitors 
are 
needed 
unless 
the 
device 
is 
situated 
more than 
6 inches 
from the input filter capacitors 
in which 
case an input bypass 
is needed. 
An optional 
output 
capacitor 
can be added 
to improve 
transient 
response. 
The 
adjustment 
terminal 
can be bypassed 
to achieve 
very high 
ripple rejection 
ratios which are difficult 
to achieve 
with stan- 
dard 3-terminal 
regulators. 


Besides 
replacing 
fixed regulators, 
the LM 117 is useful 
in a 
wide 
variety 
of 
other 
applications. 
Since 
the 
regulator 
is 
"floating" 
and sees only the input-to-output 
differential 
volt- 
• 
age, supplies 
of several 
hundred 
volts 
can be regulated 
as 
long as the maximum 
input to output 
differential 
is not ex- 
ceeded, 
Le., avoid short-circuiting 
the output. 


Also, it makes an especially 
simple adjustable 
switching 
reg- 
ulator, a programmable 
output 
regulator, 
or by connecting 
a 
fixed 
resistor 
between 
the adjustment 
pin and output, 
the 
LM 117 can be used as a precision 
current 
regulator. 
Sup- 
plies with electronic 
shutdown 
can be achieved 
by clamping 


the adjustment 
terminal 
to ground 
which 
programs 
the out- 
put to 1.2V where 
most loads draw little current. 


For applications 
requiring 
greater 
output current, 
see LM150 
series (3A) and LM138 series (5A) data sheets. 
For the neg- 
ative complement, 
see LM137 
series 
data sheet. 


Part Number 
Rated 
Design 


Suffix 
Package 
Power 
Load 
Dissipation 
Current 


K 
TO-3 
20W 
1.5A 


H 
TO-39 
2W 
0.5A 


T 
TO-220 
20W 
1.5A 


E 
LCC 
2W 
0.5A 


S 
TO-263 
4W 
1.5A 


• 
Guaranteed 
1% output 
voltage 
tolerance 
(LM317A) 


• 
Guaranteed 
max. 0.01 %/V 
line regulation 
(LM317A) 


Guaranteed 
max. 0.3% 
load regulation 
(LM117) 


• 
Guaranteed 
1.5A output 
current 


• 
Adjustable 
output 
down 
to 1.2V 


• 
Current 
limit constant 
with temperature 


• 
P+ Product 
Enhancement 
tested 


• 
80 dB ripple rejection 


• 
Output 
is short-circuit 
protected 


1.2V-25V 
Adjustable 
Regulator 


LMl17 


Full 
output 
current 
not available 
at high 
input·output 
Yoltages 


·Needed 
if device 
is more than 6 inches from filter capacitors. 


tOptional-improves 
transient 
response. 
Output capacitors 
in the range of 


1 p.F to 1000 
J.LF of aluminum 
or tantalum 
electrolytic 
are commonly 
used 


to provide 
improved 
output impedance 
and rejection 
of transients. 


ttVOUT ~ 1.25V (1 + i*) + IADJ(R,) 


Absolute Maximum Ratings (Note 1) 
Operating Temperature Range 


If 
MIlitary/Aerospace 
specified 
devices 
are 
required, 
LM117 
-55'C';; 
TJ ,;; + 150'C 


please 
contact 
the 
National 
Semiconductor 
Sales 
LM317A 
-40'C';; 
TJ';; 
+125'C 


Office/Distributors 
for 
availability 
and 
specifications. 
LM317 
O'C ,;; TJ ,;; + 125'C 
(Note 
2) 


Power Dissipation 
Internally 
Limited 
Preconditioning 


Input-Output 
Voltage 
Differential 
+40V, 
-0.3V 
Thermal 
Limit Burn-In 
All Devices 
100% 


Storage 
Temperature 
-65'C 
to + 150'C 


Lead Temperature 
, 


Metal Package 
(Soldering, 
10 seconds) 
300'C 


Plastic Package 
(Soldering, 
4 seconds) 
260'C 


ESD Tolerance 
(Note 5) 
3 kV 


Electrical Characteristics 
Specifications 
with standard 
type face are for TJ = 25'C, 
and those 
with boldface 
type 
apply over full 
Operating 
Tempera- 
ture 
Range. 
Unless 
otherwise 
specified, 
VIN - 
VOUT = 5V, and lOUT = 10 mA. (Note 3) 


Parameter 
Conditions 
LM 117 (Note 
2) 
Units 


Min 
Typ 
Max 


Reference 
Voltage 
V 


3V ,;; (VIN - 
VOUT) ,;; 40V, 
1.20 
1.25 
1.30 
V 
10 mA ,;; lOUT';; 
IMAX, P ,;; PMAX 


Line Regulation 
3V ,;; (VIN - 
VOUT) ,;; 40V (Note 4) 
0.01 
0.02 
%/V 


0.02 
0.05 
%/V 


Load Regulation 
10 mA ,;; lOUT';; 
IMAX (Note 4) 
0.1 
0.3 
% 


0.3 
1 
% 


Thermal 
Regulation 
20 ms Pulse 
0.03 
0.07 
%/W 


Adjustment 
Pin Current 
50 
100 
JLA 


Adjustment 
Pin Current 
Change 
10 mA ,;; lOUT';; 
IMAX 
0.2 
5 
JLA 
3V ,;; (VIN - 
VOUT) ,;; 40V 


Temperature 
Stability 
TMIN ,;; TJ ,;; TMAX 
1 
% 


Minimum 
Load Current 
(VIN - 
VOUT) = 40V 
3.5 
5 
mA 


Current 
Limit 
(VIN - 
VOUT) ,;; 15V 


K Package 
1.5 
2.2 
3.4 
A 


H, K Packages 
0.5 
0.8 
1.8 
A 


(VIN - 
VOUT) = 40V 


K Package 
0.3 
0.4 
A 


H, K Packages 
0.15 
0.2 
A 


RMS Output 
Noise, 
% of VOUT 
10Hz,;;f,;;10kHz 
0.003 
% 


Ripple Rejection 
Ratio 
VOUT = 10V, f = 120 Hz, 
65 
dB 


CADJ = 0 JLF 


VOUT = 10V, f = 120 Hz, 
66 
80 
dB 
CADJ = 10JLF 


Long-Term 
Stability 
TJ = 125'C,1000hrs 
0.3 
1 
% 


Thermal 
Resistance, 
K Package 
2.3 
3 
'C/W 
Junction-to-Case 
H Package 
12 
15 
'C/W 


E Package 
'C/W 


Thermal 
Resistance, 
Junction- 
K Package 
• 
35 
'C/W 
to-Ambient 
(No Heat Sink) 
H Package 
140 
'C/W 


E Package 
'C/W 


III 


- - 
-_. 
-, 


Conditions 
LM317A 
LM317 
Units 
Parameter 
Min 
Typ 
Max 
Min 
Typ 
Max 


Relerence 
Voltage 
1.238 
1.250 
1.262 
V 


3V ,;; (VIN - 
Your) 
,;; 40V, 
1.225 
1.250 
1.270 
1.20 
1.25 
1.30 
V 
10 mA ,;; lour';; 
IMAX, P ,;; PMAX 


Line Regulation 
3V ,;; (VIN - 
Your) 
,;; 40V (Note 4) 
0.005 
0.01 
0.01 
0.04 
%/V 


0.01 
0.02 
0.02 
0.07 
%N 


Load Regulation 
10 mA ,;; lour';; 
IMAX (Note 4) 
0.1 
0.5 
0.1 
0.5 
% 


0.3 
1 
0.3 
1.5 
% 


Thermal 
Regulation 
20 ms Pulse 
0.04 
0.07 
0.04 
0.07 
%/W 


Adjustment 
Pin Current 
50 
100 
50 
100 
p.A 


Adjustment 
Pin Current 
Change 
10 mA,;; 
lour';; 
IMAX 
0.2 
5 
0.2 
5 
p.A 


3V ,;; (VIN - 
Your) 
,;; 40V 


Temperature 
Stability 
TMIN';; 
TJ';; 
TMAX 
1 
1 
% 


Minimum 
Load Current 
(VIN - 
Your) 
= 40V 
3.5 
10 
3.5 
10 
mA 


Current 
Limit 
(VIN - 
Your) 
,;; 15V 


K, T Packages 
1.5 
2.2 
3.4 
1.5 
2.2 
3.4 
A 


H, P Packages 
0.5 
0.8 
1.8 
0.5 
0.8 
1.8 
A 


(VIN - 
Your) 
= 40V 
K, T Packages 
0.15 
0.4 
0.15 
0.4 
A 


H, P Packages 
0.075 
0.2 
0.075 
0.2 
A 


RMS Output 
Noise, 
% 01 Your 
10Hz';; 
1 ,;; 10kHz 
0.003 
0.003 
% 


Ripple Rejection 
Ratio 
Your 
= 10V, 1 = 120 Hz, 
65 
65 
dB 
CADJ = 0 p.F 


Your 
= 10V, 1 = 120 Hz, 
66 
80 
66 
80 
dB 
CADJ = 10 p.F 


Long-Term 
Stability 
TJ = 125'C, 
1000 hrs 
0.3 
1 
0.3 
1 
% 


Thermal 
Resistance, 
Junction- 
K Package 
2.3 
3 
'C/W 
to-Case 
H Package 
12 
15 
12 
15 
'C/W 


T Package 
4 
5 
4 
'C/W 
P Package 
'C/W 


Thermal 
Resistance, 
Junction- 
K Package 
35 
35 
'C/W 
to-Ambient 
(No Heat Sink) 
H Package 
140 
140 
'C/W 


T Package 
50 
50 
'C/W 


P Package 
(Note 6) 
50 
'C/W 


Note 
1: Absolute 
Maximum 
Ratings indicate limits beyond which damage 
to the devk:e may occur. Operating 
Ratings indicate conditions 
for which the device 
is 
intended 
to be functional, 
but do not guarantee 
specific performance 
limits. For guaranteed 
specifications 
and test conditions, 
see the Electrical 
Characteristics. 
The guaranteed 
specifications 
apply only for the test conditions 
listed. 


Note 2: Referto RETS117Hdrawingfor the LM117H,or the RErS117Kfor the LM117Kmilitaryspecifications. 


Note 
3: Although power dissipation 
is internally limited, these specifications 
Bre applicable 
for maximum 
power dissipations of 2W for the TO-39 
and 20W for the 
TO-3 and TO-220. 
IMAX is 1.5A for the TO-3 and TO-220 
packages 
and 0.5A for the TO-39 
package. 
All limits (i.e., the numbers in the Min. and Max. columns) are 
guaranteed 
to National's 
AOQL 
(Average 
Outgoing 
Quality Level). 


Note 4: Regulation 
is measured 
at a constant 
junction temperature, 
using pulse testing with a low duty cycle. Changes 
in output voltage due to heating effects are 
covered 
under the specifications 
for thermal 
regulation. 


Note 
5: Human 
body model, 
100 pF discharged 
through a 1.5 kn resistor. 


Note 6: If the TO-263 
package 
is used, the thermal resistance 
can be reduced by increasing the PC board copper area thermally connected 
to the package: 
Using 
0.5 square inches of copper area. 
9JA is srrc/w; 
with 1 square inch of copper area, 8JA is 3rC/W; 
and with 1.6 or more square inches of copper area, 8JA. is 
3'l'C/'N. 


Typical Performance Characteristics 


Output Capacitor = a ",F unless otherwise noted 


Load Regulation 
Current Limit 
Adjustment Current 
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TEMPERATURE 
roC) 
INPUT-OUTPUT 
DIFFERENTIAL 
(VI 
TEMPERATURE 
I·C) 
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Application 
Hints 


In operation, 
the 
LM117 
develops 
a nominal 
1.25V 
refer- 


ence voltage, 
VREF, between 
the output and adjustment 
ter- 


minal. 
The reference 
voltage 
is impressed 
across 
program 


resistor 
R1 and, 
since 
the voltage 
is constant, 
a constant 


current 
11 then flows 
through 
the output 
set resistor 
R2, giv- 
ing an output 
voltage 
of 


Your = VREF (1 + :~) + IADJR2 


FIGURE 
1 


Since the 100 ,...Acurrent 
from the adjustment 
terminal 
rep- 


resents 
an error term, the LM117 was designed 
to minimize 


IADJ and make 
it very constant 
with line and load changes. 


To do this, all quiescent 
operating 
current 
is returned 
to the 


output 
establishing 
a minimum 
load current 
requirement. 
If 


there 
is insufficient 
load on the output, 
the output 
will rise. 


External 
Capacitors 


An input 
bypass 
capacitor 
is recommended. 
A 0.1 ,...F disc 


or 1 ,...F solid tantalum 
on the input is suitable 
input bypass- 


ing for almost 
all applications. 
The device 
is more sensitive 


to the absence 
of input bypassing 
when 
adjustment 
or out- 


put capacitors 
are used but the above 
values 
will eliminate 


the possibility 
of problems. 


The adjustment 
terminal 
can be bypassed 
to ground 
on the 


LM117 
to 
improve 
ripple 
rejection. 
This 
bypass 
capacitor 


prevents 
ripple from being amplified 
as the output 
voltage 
is 


increased. 
With a 10 ,...F bypass 
capacitor 
80 dB ripple 
re- 


jection 
is obtainable 
at 
any 
output 
level. 
Increases 
over 


10 ,...F do 
not 
appreciably 
improve 
the 
ripple 
rejection 
at 


frequencies 
above 
120 Hz. If the bypass capacitor 
is used, it 


is sometimes 
necessary 
to include 
protection 
diodes 
to pre- 


vent the capacitor 
from discharging 
through 
internal 
low cur- 


rent paths 
and damaging 
the device. 


In general, 
the best type of capacitors 
to use is solid tanta- 
lum. Solid tantalum 
capacitors 
have low impedance 
even at 


high frequencies. 
Depending 
upon capacitor 
construction, 
it 


takes 
about 
25 ,...F in aluminum 
electrolytic 
to equal 
1 ,...F 


solid tantalum 
at high frequencies. 
Ceramic 
capacitors 
are 


also good at high frequencies; 
but some types 
have a large 


decrease 
in capacitance 
at frequencies 
around 
0.5 
MHz. 
For this reason, 
0.01 ,...Fdisc may seem to work better than 


a 0.1 ,...F disc as a bypass. 


Although 
the LM 117 is stable with no output 
capacitors, 
like 


any feedback 
circuit, 
certain 
values 
of external 
capacitance 


can 
cause 
excessive 
ringing. 
This 
occurs 
with 
values 
be- 


tween 
500 pF and 5000 pF. A 1 ,...Fsolid tantalum 
(or 25 ,...F 
aluminum 
electrolytic) 
on the output 
swamps 
this effect 
and 


insures 
stability. 
Any increase 
of the load capacitance 
larger 


than 
10 ,...Fwill merely 
improve 
the loop stability 
and output 


impedance. 


Load Regulation 


The LM117 is capable 
of providing 
extremely 
good load reg- 
ulation 
but a few 
precautions 
are needed 
to obtain 
maxi- 


mum performance. 
The current 
set resistor 
connected 
be- 


tween 
the adjustment 
terminal 
and the output 
terminal 
(usu- 
ally 2400.) 
should 
be tied directly 
to the output 
(case) of the 


regulator 
rather 
than 
near 
the 
load. 
This 
eliminates 
line 


drops from appearing 
effectively 
in series with the reference 


and degrading 
regulation. 
For example, 
a 15V regulator 
with 
0.050. resistance 
between 
the regulator 
and load will have a 
load regulation 
due to line resistance 
of 0.050. x IL. If the 
set 
resistor 
is connected 
near 
the 
load 
the 
effective 
line 


resistance 
will be 0.050. 
(1 + R2/R1) 
or in this case, 
11.5 
times 
worse. 


Figure 2 shows 
the effect 
of resistance 
between 
the regula- 


tor and 2400. set resistor. 
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FIGURE 
2. Regulator 
with Line Resistance 


in Output 
Lead 


With the TO-3 package, 
it is easy to minimize 
the resistance 


from 
the 
case 
to the 
set 
resistor, 
by using 
two 
separate 


leads 
to the case. 
However, 
with 
the TO-5 
package, 
care 


should 
be taken 
to minimize 
the wire 
length 
of the output 


lead. The ground 
of R2 can be returned 
near the ground 
of 


the 
load 
to 
provide 
remote 
ground 
sensing 
and 
improve 


load regulation. 


Protection 
Diodes 


When external 
capacitors 
are used with any IC regulator 
it is 


sometimes 
necessary 
to add 
protection 
diodes 
to prevent 


the capacitors 
from 
discharging 
through 
low current 
points 


into the regulator. 
Most 
10 ,...F capacitors 
have low enough 
internal 
series 
resistance 
to deliver 
20A spikes 
when 
short- 


ed. Although 
the surge 
is short, 
there 
is enough 
energy 
to 
damage 
parts of the IC. 


When 
an output 
capacitor 
is connected 
to a regulator 
and 


the input is shorted, 
the output 
capacitor 
will discharge 
into 
the output 
of the regulator. 
The discharge 
current 
depends 


on the value of the capacitor, 
the output voltage 
of the regu- 


lator, 
and the 
rate of decrease 
of VIN. In the 
LM117, 
this 


discharge 
path 
is through 
a large 
junction 
that 
is able 
to 


sustain 
15A surge with no problem. 
This is not true of other 


types 
of positive 
regulators. 
For output 
capacitors 
of 25 ,...F 
or less, there 
is no need to use diodes. 


Application 
Hints (Continued) 
The bypass capacitor on the adjustment terminal can dis- 
charge through a low current junction. Discharge occurs 
when either 
the input or output is shorted. Internal to the 
LM117 is a son resistor which limits the peak discharge 


current. No protection is needed for output voltages of 25V 
or less and 10 p.F capacitance. Figure 3 shows an LM117 
with protection diodes included for use with outputs greater 
than 25V and high values of output capacitance. 
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1.2V-20V Regulator with 
Minimum Program Current 
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Low Cost 3A Switching Regulator 
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-As-sets 
output impedance of charger: ZOUT = Rs ( 1 + ~) 


Use of As allows low charging rates with fully charged battery. 


-Sets peak current (O.6A for 1il) 


• -The 1000 ,...Fis recommended 
to filter out input 
transients 


(TO-3) 


Metal 
Can Package 
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View 
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Package 


Order 
Number 
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See NS Package 
Number 
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Order 
Number 
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See NS Package 
Number 
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f}1National 
Semiconductor 


General Description 


The LM117HV ILM317HV 
are adjustable 
3-terminal 
positive 


voltage 
regulators 
capable 
of supplying 
in excess 
of 1.SA 


over 
a 1.2V to S7V output 
range. 
They 
are exceptionally 


easy to use and require only two external 
resistors 
to set the 


output 
voltage. 
Further, 
both 
line and 
load 
regulation 
are 


better 
than standard 
fixed regulators. 
Also, the LM117HV 
is 


packaged 
in standard 
transistor 
packages 
which 
are easily 


mounted 
and handled. 


In addition 
to higher 
performance 
than fixed regulators, 
the 


LM117HV 
series 
offers 
full 
overload 
protection 
available 


only 
in IC's. Included 
on the chip 
are current 
limit, thermal 


overload 
protection 
and 
safe area 
protection. 
All overload 


protection 
circuitry 
remains 
fully 
functional 
even 
if the 
ad- 


justment 
terminal 
is disconnected. 


Normally, 
no capacitors 
are 
needed 
unless 
the 
device 
is 


situated 
more than 6 inches 
from the input filter capacitors 


in which 
case an input bypass is needed. 
An optional 
output 


capacitor 
can be added 
to improve 
transient 
response. 
The 


adjustment 
terminal 
can be bypassed 
to achieve 
very high 


ripple 
rejections 
ratios 
which 
are difficult 
to achieve 
with 


standard 
3-terminal 
regulators. 


Besides 
replacing 
fixed regulators, 
the LM117HV 
is useful in 


a wide 
variety 
of other 
applications. 
Since 
the regulator 
is 


"floating" 
and sees only the input-to-output 
differential 
volt- 


age, supplies 
of several 
hundred 
volts 
can be regulated 
as 


long as the maximum 
input to output 
differential 
is not ex- 
ceeded, 
Le. do not short the output 
to ground. 


Also, it makes an especially 
simple adjustable 
switching 
reg- 


ulator, a programmable 
output 
regulator, 
or by connecting 
a 


fixed 
resistor 
between 
the 
adjustment 
and 
output, 
the 


LM117HV 
can 
be 
used 
as a precision 
current 
regulator. 


Supplies 
with 
electronic 
shutdown 
can 
be 
achieved 
by 


clamping 
the adjustment 
terminal 
to ground 
which 
programs 


the output 
to 1.2V where 
most loads draw little current. 


The 
LM117HVK 
STEEL 
and 
LM317HVK 
STEEL 
are pack- 


aged 
in 
standard 
TO-3 
transistor 
packages, 
while 
the 


LM 117HVH 
and LM317HVH 
are packaged 
in a solid Kovar 


base TO-39 transistor 
package. 
The LM317HVT 
uses a TO- 


220 
plastic 
package. 
The 
LM117HV 
is rated 
for operation 


from 
- SS'C to 
+ 1S0'C, 
and 
the 
LM317HV 
from 
O'C to 
+12S·C. 


Features 


• 
Adjustable 
output 
down 
to 1.2V 


• 
Guaranteed 
1.SA output 
current 


• 
Line regulation 
typically 
0.01 %/V 


• 
Load regulation 
typically 
0.1 % 


• 
Current 
limit constant 
with temperature 


• 
100% 
electrical 
burn-in 


• 
Eliminates 
the need to stock 
many voltages 


• 
Standard 
3-lead 
transistor 
package 


• 
80 dB ripple rejection 


• 
Output 
is short-circuit 
protected 


• 
P+ Product 
Enhancement 
tested 


Typical Applications 


1.2V-45V 
Adjustable 
Regulator 
5V Logic Regulator 
with 


Electronic 
Shutdown' 


Full 
output 
current 
not 
available 
at high input-output 
voltages 


tOptionaHmproves 
transient response. Output 


capacitors in the range of 1 ,...Fto 1000 p.F of 
aluminum 
or tantalum 
electrolytic 
are commonly 
used to provide imprOVed output impedance 
and 
rejection 
of transients. 


·Needed 
if device is more than 6 inches from 


filter capacitors. 


ttVOUT - 
1.25V (1 +~) +IADJR2 


Absolute Maximum Ratings 


If Military/Aerospace 
specified devices are required, 
Operating 
Junction 
Temperature 
Range 
please 
contact 
the 
National 
Semiconductor 
Sales 
LM117HV 
- 55·C to + 150·C 
Office/Distributors for availability and specifications. 
LM317HV 
O·C to + 125·C 


(Note 3) 
Storage 
Temperature 
- 65·C to + 150·C 


Power Dissipation 
Internally 
limited 
Lead Temperature 
(Soldering, 
10 sec.) 
300·C 


Input-output 
Voltage 
Differential 
+60V, 
-0.3V 
ESD Tolerance 
(Note 4) 
2000V 


Electrical Characteristics 
(Note 1) 


Parameter 
Conditions 
LM117HV 
LM317HV 
Units 
Min 
Typ 
Max 
Mln 
Typ 
Max 


Line Regulation 
TJ = 25·C, 3V ,,; VIN - 
Your 
,,; 60V 
0.01 
0.02 
0.01 
0.04 
%/V 
(Note 2) IL = 10 mA 


Load Regulation 
TJ = 25·C, 10 mA ,,; lour"; 
IMAX 
0.1 
0.3 
0.1 
0.5 
% 


Thermal 
Regulation 
TJ = 25·C, 20 ms Pulse 
0.03 
0.07 
0.04 
0.07 
%/W 


Adjustment 
Pin Current 
50 
100 
50 
100 
JJ.A 


Adjustment 
Pin Current 
Change 
10mA,,; 
IL"; 
IMAX 
0.2 
5 
0.2 
5 
JJ.A 
3.0 V ,,; (VIN --,-Your) 
,,; 60V 


Relerence 
Voltage 
3.0 V ,,; (VIN - 
Your) 
,,; 60V, (Note 3) 
1.20 
1.25 
1.30 
1.20 
1.25 
1.30 
V 
10 mA ,,; lour"; 
IMAX, P ,,; PMAX 


Line Regulation 
3.0V"; 
(VIN - 
Your) 
,,; 60V, IL = 10 mA, (Note 2) 
0.02 
0.05 
0.02 
0.07 
%/V 


Load Regulation 
10 mA ,,; lour"; 
IMAX (Note 2) 
0.3 
1 
0.3 
1.5 
% 


Temperature 
Stability 
TMIN ,,; TJ ,,; TMAX 
1 
1 
% 


Minimum 
Load Current 
(VIN - 
Your) 
= 60V 
3.5 
7 
3.5 
12 
mA 


Current 
Limit 
(VIN - 
Your) 
,,; 15V 


K, T Packages 
1.5 
2.2 
3.5 
1.5 
2.2 
3.7 
A 
H Package 
0.5 
0.8 
1.8 
0.5 
0.8 
1.9 
A 
(VIN - 
Your) 
,,; 60V 


K, T Packages 
0.3 
0.3 
A 
H Package 
0.03 
0.03 
A 


RMS Output 
Noise, 
% 01 Your 
TJ = 25·C, 10 Hz,,; I,,; 10 kHz 
0.003 
0.003 
% 


Ripple Rejection 
Ratio 
Your 
= 10V, 1 = 120 Hz 
65 
65 
dB 


CADJ = 10 JJ.F 
66 
80 
66 
80 
dB 


Long-Term 
Stability 
. 


TJ = 125·C 
0.3 
1 
0.3 
1 
% 


Thermal 
Resistance, 
H Package 
12 
15 
12 
15 
·C/W 
Junction 
to Case 
T Package 
4 
5 
·C/W 
K Package 
2.3 
3 
2.3 
3 
·C/W 


Thermal 
Resistance, 
H Package 
140 
140 
·C/W 
Junction 
to Ambient 
(no heat sink) 
T Package 
50 
·C/W 
K Package 
35 
35 
·C/W 


Note 
1: Unless otherwise specified, these specifications 
apply: -55°C 
:s:TJ s;:+ 150°C for the LM117HV, 
and OOC:5:TJ :s:+ 125°C for the LM317HV; 
VIN - 
VOUT 


= 5V and lOUT = 0.1 A for the TO-39 package 
and lOUT = O.SA for the TO-3 and TO·220 
packages. 
Although 
power dissipation 
is internally 
limited, these 
specifications 
are applicable 
for power dissipations of 2W for the 10-39 
and 20W for the TO-3 and TO-220. IMAX is I.SA for the TO-3 and TO-220 and O.SA for the 
rO-39 package. 


Note 
2: Regulation 
is measured 
at constant junction temperature. 
Changes 
in output voltage due to heating effects must be taken into account separately. 
Pulse 


testing with low duty cycle is used. 


Note 3: Referto RETS117HVHfor LM117HVHor RETS117HVKfor LM117HVKmilitaryspecificatioins. 


Note 
4: Human 
body model, 1.5 kG in series with 100 pF. 
• 


Typical Performance 
Characteristics 


Output capacitor = 0 I-'F unless otherwise noted. 
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TL/H/9062-4 


Application 
Hints 


In operation, 
the LM117HV 
develops 
a nominal 
1.25V refer- 
ence voltage, 
VREF, between 
the output 
and adjustment 
ter- 
minal. 
The reference 
voltage 
is impressed 
across 
program 


resistor 
R1 and, since 
the voltage 
is constant, 
a constant 


current 
11 then flows 
through 
the output 
set resistor 
R2, giv- 
ing an output 
voltage 
of 


VOUT = VREF (1 + :~) 
+ IADJR2 


1 
111 


VREF 
Rl 


~ 
vour 


IAOJ 


R2 


FIGURE 
1 


Since the 100 I-'A current 
from the adjustment 
terminal 
rep- 
resents 
an error term, 
the LM 117HV was designed 
to mini- 
mize 
IADJ and 
make 
it very 
constant 
with 
line 
and 
load 


changes. 
To do this, 
all quiescent 
operating 
current 
is re- 
turned 
to the 
output 
establishing 
a minimum 
load 
current 
requirement. 
If there 
is insufficient 
load on the output, 
the 


output 
will rise. 


External 
Capacitors 


An input bypass 
capacitor 
is recommended. 
A 0.1 I-'F disc 
or 1 I-'F solid tantalum 
on the input is suitable 
input bypass- 
ing for almost 
all applications. 
The device 
is more sensitive 
to the absence 
of input bypassing 
when 
adjustment 
or out- 
put capacitors 
are used but the above 
values 
will eliminate 


the possiblity 
of problems. 


The adjustment 
terminal 
can be bypassed 
to ground 
on the 
LM117HV 
to improve 
ripple rejection. 
This bypass 
capacitor 
prevents 
ripple from being amplified 
as the output voltage 
is 
increased. 
With 
a 10 I-'F bypass 
capacitor 
80 dB ripple 
re- 
jection 
is obtainable 
at any output 
level. 
Increases 
over 
10 


I-'F do not appreciably 
improve 
the 
ripple 
rejection 
at fre- 
quencies 
above 
120 Hz. If the bypass 
capacitor 
is used, it is 


sometimes 
necessary 
to include 
protection 
diodes 
to pre- 
vent the capacitor 
from discharging 
through 
internal 
low cur- 


rent paths and damaging 
the device. 


In general, 
the best type of capacitors 
to use are solid tanta- 


lum. Solid tantalum 
capacitors 
have low impedance 
even at 
high frequencies. 
Depending 
upon capacitor 
construction, 
it 


takes 
about 
25 I-'F in aluminum 
electrolytic 
to equal 
1 I-'F 
solid tantalum 
at high frequencies. 
Ceramic 
capacitors 
are 


also good at high frequencies; 
but some types 
have a large 


decrease 
in capacitance 
at frequencies 
around 
0.5 
MHz. 


For this reason, 
0.01 I-'F disc may seem to work better 
than 
a 0.1 I-'F disc as a bypass. 


Although 
the LM 117HV 
is stable 
with no output 
capacitors, 


like any feedback 
circuit, 
certain 
values 
of external 
capaci- 


tance 
can cause 
excessive 
ringing. 
This occurs 
with values 


between 
500 pF and 5000 pF. A 1 I-'F solid tantalum 
(or 25 


I-'F aluminum 
electrolytic) 
on the output 
swamps 
this effect 


and insures 
stability. 
Any increase 
of load capacitance 
larg- 


er than 
10 I-'F will 
merely 
improve 
the 
loop 
stability 
and 


output 
impedance. 


Load Regulation 


The LM117HV 
is capable 
of providing 
extremely 
good 
load 


regulation 
but a few precautions 
are needed 
to obtain 
maxi- 


mum performance. 
The current 
set resistor 
connected 
be- 


tween 
the adjustment 
terminal 
and the output 
terminal 
(usu- 


ally 2400) 
should 
be tied directly 
to the output 
of the regula- 


tor rather than near the load. This eliminates 
line drops from 


appearing 
effectively 
in series 
with 
the 
reference 
and 
de- 


grading 
regulation. 
For example, 
a 15V regulator 
with 0.050 


resistance 
between 
the regulator 
and load will have a load 


regulation 
due to line resistance 
of 0.050 
x 
Il. 
If the set 


resistor 
is connected 
near the load the effective 
line resist- 


ance will be 0.050 
(1 + R2/R1) 
or in this case, 
11.5 times 


worse. 


Figure 2 shows 
the effect 
of resistance 
between 
the regula- 


tor and 2400 
set resistor. 


FIGURE 
2. Regulator 
with Line 
Resistance 
in Output 
Lead 


With the TO-3 package, 
it is easy to minimize 
the resistance 


from 
the 
case 
to the 
set 
resistor, 
by using 
two 
separate 


leads 
to the 
case. 
However, 
with 
the TO-5 
package, 
care 


should 
be taken 
to minimize 
the wire 
length 
of the output 


lead. The ground 
of R2 can be returned 
near the ground 
of 


the 
load 
to 
provide 
remote 
ground 
sensing 
and 
improve 


load regulation. 


Protection 
Diodes 


When external 
capacitors 
are used with any IC regulator 
it is 


sometimes 
necessary 
to add protection 
diodes 
to prevent 


the capacitors 
from 
discharging 
through 
low current 
points 


into the regulator. 
Most 10 I-'F capacitors 
have low enough 
internal 
series 
resistance 
to deliver 
20A spikes 
when 
short- 


ed. Although 
the surge 
is short, 
there 
is enough 
energy 
to 


damage 
parts of the IC. 


When 
an output 
capacitor 
is connected 
to a regulator 
and 


the input is shorted, 
the output 
capacitor 
will discharge 
into 


the output 
of the regulator. 
The discharge 
current 
depends 


on the value of the capacitor, 
the output voltage 
of the regu- 


lator, and the rate of decrease 
of VIN. In the LM117HV, 
this 


discharge 
path 
is through 
a large 
junction 
that 
is able 
to 


sustain 
15A surge with no problem. 
This is not true of other 


types 
of positive 
regulators. 
For output 
capacitors 
of 25 I-'F 


or less, there 
is no need to use diodes. 


• 


The bypass capacitor on the adjustment terminal can dis- 
charge through a low current junction. Discharge occurs 
when either 
the input or output is shorted. Internal to the 
LM117HV is a 500 resistor which limits the peak discharge 
current. No protection is needed for output voltages of 25V 
or less and 
10 JLF capacitance. 
Figure 
3 shows an 


LM117HV with protection diodes included for use with out- 
puts greater than 25V and high values of output capaci- 
tance. 


Current 
Limit 


Internal current limit will be activated whenever the output 
current exceeds the limit indicated in the Typical Perform- 
ance Characteristics. However, if during a short circuit con- 
dition the regulator's differential voltage exceeds the Abso- 
lute Maximum Rating of 60V (e.g. VIN ~ 60V, VOUT= OV), 
internal junctions in the regulator may break down and the 
device may be damaged or fail. Failure modes range from 
an apparent open or short from input to output of the regula- 
tor, to a destroyed package (most common with the TO-220 
package). To protect the regulator, the user is advised to be 
aware of voltages that may be applied to the regulator dur- 
ing fault conditions, and to avoid violating the Absolute Max- 
imum Ratings. 


+ C2J'~' 


TLIH/9062-7 


FIGURE 
3. Regulator 
with Protection 
Diodes 


vour ~ 1.25V ( 1 +i*) + IADJR2 


01 protects 
against C1 


02 protects 
against C2 


Typical Applications 
(Continued) 


Slow Turn-On 15V Regulator 
Adjustable Regulator with Improved 
Ripple Rejection 


tSolid 
tantalum 


• Discharges 
C1 if output is shorted to ground 


Full output current not available 


at high input·output voltages 


+ Cl 
TM 


tSolid 
tantalum 


·Lights 
in constant 
current mode 


R8 
5k 
VOLTAGE 
ADJUST 


1A Current 
Regulator 


LM317HV 


1.2V-20V 
Regulator 
with 
Minimum 
Program 
Current 


LMl17HV 


LM111HV 


R2 


2.A 


OUTPUT 


Rl 
'Ok 


INPUT 
lM195 


R2 
500 
lMl17HV 


VIN 
Your 
AD' 


+ 
C' 
~10~ff 


+ 
CA 
10l4lFt 


Adjustable 
Multiple 
On-Card 
Regulators 
with Single Control" 


I 
______ 
J 


• All outputs 
within 
± 100 
mV 


tMinimum load-l0 
mA 


III 


24Vp-prv 


12V Battery Charger 


lMJ17HV 


Rl -- 
240 
* 


R2 
2.4k 


TLiH/9062-25 


• As-sets 
output impedance of charger ZOUT = As ( 1 + ~) 


Use of Rs allows low charging rates with fully charged battery. 


·'The 
1000 J-LFis recommended 
to filter out input transients 


50 mA Constant Current Battery Charger 


lMJ17HV 
'''---Ef?::n: 


ADJ 
I 


'Sets peak current (O.6Afor til) 


"The 
1000 j.LFis recommended 
to filter out input transients 


(TO-3 Steel) 


Metal Can Package 


TLiH/9062-29 
Case is Output 
Bottom View 


Order Number LM 117HVKSTL/883, 
or SMD #7703402 


See NS Package Number K02C 


Order Number LM317HVK STEEL 


See NS Package Number K02A 


(TO-39) 
Metal Can Package 


Case is Output 
Bottom View 


Order Number LM 117HVH, 


LM 117HVH/883, SMD # 7703402 
or LM317HVH 
See NS Package Number H03A 


(TO-220) 
Plastic Package 
0 


+- 


-, 
- 
f-- 


Front View 


Order Number LM317HVT 


See NS Package Number T03B 


LM 120/LM320 
Series 3-Terminal Negative Regulators 


General Description 


The 
LM120 
series 
are 
three-terminal 
negative 
regulators 


with a fixed 
output 
voltage 
of - 5V, -12V, 
and 
-15V, 
and 


up to 1.5A load current 
capability. 
Where 
other voltages 
are 


required, 
the LM137 
and LM137HV 
series provide 
an output 


voltage 
range 
of -1.2V 
to -47V. 


The LM120 
need only one ex1ernal component-a 
compen- 


sation 
capacitor 
at the output, 
making 
them 
easy to apply. 
Worst 
case 
guarantees 
on output 
voltage 
deviation 
due to 


any combination 
of line, 
load or temperature 
variation 
as- 


sure satisfactory 
system 
operation. 


Exceptional 
effort 
has been 
made to make the LM120 
Se- 


ries 
immune 
to 
overload 
conditions. 
The 
regulators 
have 


current 
limiting 
which 
is independent 
of temperature, 
com- 


bined with thermal 
overload 
protection. 
Internal current 
limit- 


ing protects 
against 
momentary 
faults 
while 
thermal 
shut- 


down 
prevents 
junction 
temperatures 
from 
exceeding 
safe 
limits during 
prolonged 
overloads. 


Although 
primarily 
intended 
for fixed output 
voltage 
applica- 


tions, the LM120 
Series 
may be programmed 
for higher out- 


put voltages 
with a simple 
resistive 
divider. 
The low quies- 
cent drain current 
of the devices 
allows this technique 
to be 


used with good 
regulation . 


• Preset 
output 
voltage 
error 
less than 
±3% 


• Preset 
current 
limit 
• Internal 
thermal 
shutdown 
• Operates 
with 
input-output 
voltage 
differential 
down 
to 


1V 
• Excellent 
ripple 
rejection 
• Low temperature 
drift 
• Easily adjustable 
to higher 
output 
voltage 


Rated 
Design 


Device 
Package 
Power 
Load 


Dissipation 
Current 


LM120/LM320 
TO-3(K) 
20W 
1.5A 


TO-39 (H) 
2W 
O.5A 


LM320 
TO·220 
(T) 
15W 
1.5A 


LM320M 
TO-202 
(P) 
7.5W 
O.5A 


• INPUT 


" 


II 


II 
+ 
410 
5' 


-INPUT 


TL/H17767-3 


TLlH17767-2 


·Required 
if regulator is separated 
from filter capacitor 
by more than 3-. 
For 
value given, capacitor 
must be solid tantalum. 
25 1LF aluminum electrolytic 
may be substituted. 


tRequired 
for stability. For value given, capacitor 
must be solid tantalum. 
25 


J-LFaluminum 
electrolytic 
may substituted. 
Values 
given may be increased 
without limit. 


For output capacitance in excess of 100 }.LF,a high current diode from 
input to output (1 N4001, 
etc.) will protect the regulator from momentary 
input shorts. 


- 5 Volt Regulators 
(Note 3) 


Absolute Maximum Ratings 


If 
Military/Aerospace 
specified 
devices 
are 
required, 


please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors 
for availability 
and specifications. 


(Note 
5) 
. 


Power Dissipation 


Input Voltage 


Internally 
Limited 


-25V 


Input-Output 
Voltage 
Differential 


Junction 
Temperatures 


Storage Temperature 
Range 


Lead Temperature 
(Soldering, 
10 sec.) 


Plastic 


25V 


See Note 1 


- 65'C to + 150'C 


300'C 
260'C 


Metal Can Package 
Power 
Plastic 
Package 


Order 
Numbers 
LM120K·5.0 
LM320K-5.0 
LM120H-5.0 
LM320H·5.0 
LM320T·5.0 
(TO-3) 
(TO·3) 
(TO·39) 
(TO-39) 
(TO·220) 
Units 
Design 
Output 
Current 
(10) 
1.5A 
1.5A 
O.5A 
O.5A 
1.5A 
Device 
Dissipation 
(Po) 
20W 
20W 
2W 
2W 
15W 


Parameter 
Conditions 
(Note 
1) 
Mln 
Typ 
Max 
Min 
Typ 
Max 
Mln 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 


Output Voltage 
TJ = 25'C, VIN = 10V. 
-5.1 
-5 
-4.9 
-5.2 
-5 
-4.8 
-5.1 
-5 
-4.9 
-5.2 
-5 
-4.8 
-5.2 
-5 
-4.8 
V 
ILOAD = 5 mA 


Line Regulation 
TJ = 25'C. ILOAD = 5 mA, 
10 
25 
10 
40 
10 
25 
10 
40 
10 
40 
mV 
VMIN ,;; VIN ,;; VMAX 


Input Voltage 
-25 
-7 
-25 
-7 
-25 
-7 
--25 
-7 
-25 
-7.5 
V 


Ripple Rejection 
f = 120 Hz 
54 
64 
54 
64 
54 
64 
54 
64 
54 
64 
dB 


Load Regulation. 
TJ = 25'C, VIN = 10V, 
50 
75 
60 
100 
30 
50 
30 
50 
50 
100 
mV 
(Note 2) 
5 mA ,;; ILOAD ,;; ID 


Output Voltage, 
- 7.5V ,;; VIN ,;; VMAX. 
-5.20 
-4.80 
-5.25 
-4.75 
-5.20 
-4.80 
-5.25 
-4.75 
-5.25 
-4.75 
V 
(Note 1) 
5 mA ,;; ILOAD ,;; ID, P ,;; PD 


Quiescent 
Current 
VMIN ,;; VIN ,;; VMAX 
1 
2 
1 
2 
1 
2 
1 
2 
1 
mA 


Quiescent 
Current 
TJ = 25'C 
Change 
VMIN ,;; VIN ,;; VMAX 
0.1 
0.4 
0.1 
0.4 
0.05 
0.4 
0.05 
0.4 
0.1 
0.4 
mA 
5 mA ,;; ILOAD ,;; ID 
0.1 
0.4 
0.1 
0.4 
0.04 
0.4 
0.04 
0.4 
0.1 
0.4 
mA 


Output Noise Voltage 
TA = 25'C. CL = 1 fLF. IL = 5 mA, 
150 
150 
150 
150 
150 
fLV 
VIN = 10V, 10 Hz,;; 
f ,;; 100 kHz 


Long Term Stability 
5 
50 
5 
50 
5 
50 
5 
50 
10 
mV 


Thermal 
Resistance 


Junction 
to Case 
3 
3 
Note 4 
Note 4 
4 
'C/W 
Junction 
to Ambient 
35 
35 
Note 4 
Note 4 
50 
'C/W 


Note 
1: This specification 
applies over -SS'C 
<: TJ <: + lS0'C 
forthe 
LM120 and O'C <: TJ <: + 12S'C for the LM320. 


Note 2: Regulation is measured at constant junction temperature. 
Changes in output voltage due to heating effects must be taken into account separately. To ensure constant junction temperature, 
low dUty cycle, pulse testing is 
used. The LM120/LM320 
series does have low thermal feedback, 
improving line and load regUlation. On all other tests, even though power dissipation is internally limited, electrical 
specifications 
apply only up to PO. 


Note 3: For -SV 
3 amp regulators. see LM14S data sheet. 


Note 4: Thermal resistance 
of typically 8S'C/W 
(in 400 linear feet air flow), 224'C/W 
(in static air) iunction to ambient. of typically 21'C/W 
junction to case. 


Note S: Refer to RETS120-SH draWing for LM120H·S.0 or RETS120-SK draWing for LM120-SK military specifications. 


II 


-12 Volt Regulators 


Absolute Maximum Ratings 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Input-Output 
Voltage 
Differential 
30V 
please 
contact 
the 
National 
Semiconductor 
Sales 
Junction 
Temperatures 
See Note 1 
Office/Distributors 
for availability 
and specifications. 
Storage Temperature 
Range 
- 65'C to + 150'C 
(Note 
4) 


Power Dissipation 
Internally 
Limited 
Lead Temperature 
(Soldering, 
10 sec.) 
300'C 


Input Voltage 
-35V 


Electrical Characteristics 


Metal 
Can Package 
Power 
Plastic 
Package 


Order 
Numbers 
LM120K-12 
LM320K-12 
LM120H·12 
LM320H-12 
LM320T-12 
(TO-3) 
(TO-3) 
(TO-39) 
(TO-39) 
(TO-220) 
Units 
Design 
Output 
Current 
(10) 
lA 
lA 
0.2A 
0.2A 
lA 
Device 
Dissipation 
(Po) 
20W 
20W 
2W 
2W 
15W 


Parameter 
Conditions 
(Note 
1) 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Min 
Typ 
Max 


Output Voltage 
TJ = 25'C, VIN = 17V, 
-12.3 
-12 
-11.7 
-12.4 
-12 
-11.6 
-12.3 
-12 
-11.7 
-12.4 
-12 
-11.6 
-12.4 
-12 
-11.6 
V 
ILOAD = 5 mA 


Line Regulation 
TJ = 25'C, ILOAD = 5 mA, 
4 
10 
4 
20 
4 
10 
4 
20 
4 
20 
mV 
VMIN s: VIN s: VMAX 


Input Voltage 
-32 
-14 
-32 
-14 
-32 
-14 
-32 
-14 
-32 
-14.5 
V 


Ripple Rejection 
f = 120Hz 
56 
80 
56 
80 
56 
80 
56 
80 
56 
80 
dB 


Load Regulation, 
TJ = 25'C, VIN = 17V, 
30 
80 
30 
80 
10 
25 
10 
40 
30 
80 
mV 
(Note 2) 
5 mA s: ILOAD s: 10 


Output Voltage, 
14.5V s: VIN s: VMAX, 
-12.5 
-11.5 
-12.6 
-11.4 
-12.5 
-11.5 
-12.6 
-11.4 
-12.6 
-11.4 
V 
(Note 1) 
5 mA s: ILOAD s: '0, P s: Po 


Quiescent 
Current 
VMIN s: VIN s: VMAX 
2 
4 
2 
4 
2 
4 
2 
4 
2 
4 
mA 


Quiescent 
Current 
TJ = 25'C 
Change 
VMIN s: VIN s: VMAX 
0.1 
0.4 
0.1 
0.4 
0.05 
0.4 
0.05 
0.4 
0.1 
0.4 
mA 
5 mA s: ILOAD s: 10 
0.1 
0.4 
0.1 
0.4 
0.03 
0.4 
0.03 
0.4 
0.1 
0.4 
mA 


Output 
Noise Voltage 
TA = 25'C, CL = 1 /LF, IL = 5 mA, 
400 
400 
400 
400 
400 
/LV 
VIN = 17V, 10 Hz s: f s: 100 kHz 


Long Term Stability 
12 
120 
12 
120 
12 
120 
12 
120 
24 
mV 


Thermal 
Resistance 
Junction 
to Case 
3 
3 
Note 3 
Note 3 
4 
'C/W 
Junction 
to Ambient 
35 
35 
Note 3 
Note 3 
50 
'C/W 


Nole 1: This specificationappliesover -SS'C ,; TJ ,; + 1SO"Cfor the LM120andO"C,; TJ ,; + 12S'Cfor the LM320. 


Note 2: Regulation is measured at constant junction temperature. 
Changes in output voltage due to heating effects must be taken into account separately. To ensure constant junction temperature, 
low duty cycle, pulse testing is 
used.The LM120/LM320seriesdoes havelowthermalfeedback,improvinglineand loadregulation.Onall othertests.eventhoughpowerdissipationis internallylimited,electricalspecificafionsappiyonlyup to Po. 
Nole 3: Thermalresistanceof typically8S'C/W (in 400 linearfeetlmin air flow),224'C/W 
(in staticair)juncfion10 ambient,of typically21'C/W 
juncfionto case. 


Nole 4: Referto RETS120H·12drawingfor LM120H·12or RETS120·12Kdrawingfor LM120K-12militaryspecifications. 


-15 
Volt Regulators 


Absolute Maximum Ratings 


If Military/Aerospace 
specified 
devices 
are 
required, 
please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors 
for availability 
and specifications. 
(Note 
4) 


Power Dissipation 
Internally 
Limited 


Input Voltage 


LM120/LM320 
-40V 
LM320T 
-35V 


Electrical Characteristics 


Input-Output 
Voltage 
Differential 


Junction 
Temperatures 


Storage Temperature 
Range 


Lead Temperature 
(Soldering, 
10 sec.) 


30V 


See Note 1 


- 65'C to + 150'C 


300'C 


Metal Can Package 
Power 
Plastic Package 


Order Numbers 
LM120K-15 
LM320K-15 
LM120H-15 
LM320H-15 
LM320T-15 
(TO-3) 
(TO-3) 
(TO-39) 
(TO-39) 
(TO-220) 
Units 
Design Output Current 
(10) 
1A 
1A 
O.2A 
O.2A 
1A 
Device 
Dissipation 
(Po) 
20W 
20W 
2W 
2W 
15W 


Parameter 
Conditions 
(Note 
1) 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Min 
Typ 
Max 
Mln 
Typ 
Max 


Output Voltage 
TJ = 25'C, VIN = 20V, 
-15.3 
-15 
-14.7 
-15.4 
-15 
-14.6 
-15.3 
-15 
-14.7 
-15.4 
-15 
-14.6 
-15.5 
-15 
-14.5 
V 
ILOAO = 5 mA 


Line Regulation 
TJ = 25'C, 
'LOAD = 5 mA, 
5 
10 
5 
20 
5 
10 
5 
20 
5 
20 
mV 
VMIN s: VIN s: VMAX 


Input Voltage 
-35 
-17 
-35 
-17 
-35 
-17 
-35 
-17 
-35 
-17.5 
V 


Ripple Rejection 
f= 
120Hz 
56 
80 
56 
80 
56 
80 
56 
80 
56 
80 
dB 


Load Regulation, 
TJ = 25'C, VIN = 20V, 
30 
80 
30 
80 
10 
25 
10 
40 
30 
80 
mV 
(Note 2) 
5 mA s: ILOAO s: 10 


Output Voltage, 
17.5V s: VIN s: VMAX, 
-15.5 
-14.5 
-15.6 
-14.4 
-15.5 
-14.5 
-15.6 
-14.4 
-15.7 
-14.3 
V 
(Note 1) 
5 mA s: ILOAO s: 10, P s: Po 


Quiescent 
Current 
VMIN s: VIN s: VMAX 
2 
4 
2 
4 
2 
4 
2 
4 
2 
4 
mA 


Quiescent 
Current 
TJ = 25'C 
Change 
VMIN s: VIN s: VMAX 
0.1 
0.4 
0.1 
0.4 
0.05 
0.4 
0.05 
0.4 
0.1 
0.4 
mA 
5 mA s: ILOAO s: 10 
0.1 
0.4 
0.1 
0.4 
0.03 
0.4 
0.03 
0.4 
0.1 
0.4 
mA 


Output Noise Voltage 
TA = 25'C, CL = 
1 /LF, IL = 5 mA, 
400 
400 
400 
400 
400 
/LV 
VIN = 20V, 10 Hz s: f s: 100 kHz 


Long Term Stability 
15 
150 
15 
150 
15 
150 
15 
150 
30 
mV 


Thermal 
Resistance 


Junction 
to Case 
3 
3 
Note 3 
Note 3 
4 
'C/W 
Junction 
to Ambient 
35 
35 
Note 3 
Note 3 
50 
'C/W 


Nole 1:Thisspecificationappliesover -55'C 
,; TJ ,; + 150'Cfor the LM120andO'C ,; TJ ,; + 125'Cfor the LM320. 


Note 
2: Regulation 
is measured 
at constant 
junction temperature. 
Changes 
in output voltage 
due to heating 
effects 
must be taken 
into account 
separately. 
To ensure 
constant 
junction temperature. 
low duty cycle, 
pulse testing 
is 
used.The LM120/LM320seriesdoes havelowthermalfeedback,improvinglineandloadregulabon.Onall othertests,eventhoughpowerdissipabonis internallylimited,electricalspecificationsapplyonly up to Po. 


Note 3: Thermalresistanceof typically85'C/W 
(in 400 linearfeet/min air fiow),224'C/W 
(in staticair)iunctionto ambient,of typically21'C/W 
iunctionto case. 


Note 4: Referto RETS120-15Hdrawingfor LM120H-15or RETS120-15Kdrawingfor LM120K-15militaryspecifications. 
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JUNCTION 
TEMPfRATURE 
I'C) 


Output Impedance TO·5 
and TO-202 Packages 
'0' 
IOVT" 
1DO mA 
_ 
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Quiescent Current vs 
Input Voltage 
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n.t't'lcnt::JC\,OUUJI 
(All Types) 
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Vour' 
-12V 
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60~ 
Vour" 
5V I 


Minimum Input-Output 
Differential TO-3 and 


2.S 
TO-220 Packages 
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2.1 


1.t 
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Quiescent Current vs 
Load Current 
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UUlPUl .mpeaance •U·;;j 
and TO-220 Packages 


--+---'+--~COUT" 
25jJF 
1/ 
AlUjlNUM 


Minimum Input-Output 
Differential TO-5 and 


2.4 TO-202 Packages 


21 


~ 
2.8 


1.1 


1.6 
•.• 
__ 
Tj'25"C 


12 
Tj" 55°C 
U 


/ 
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Maximum Average Power 
Dissipation (TO-3) 
21 


19 
~- 
~~N;,~~, 
- 
r'\.. 
'iW••EFlElOM'" 


:~ 
TO.3, 5~Crw- 
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S I--l-. 


J 
To.3, 
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Maximum Average Power 
Maximum Average Power 
Dissipation (TO-S) 
Dissipation (TO-202) 
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21 


19 


11 


15 


13 


11 
I 


7 


5, 


o 
o 
25 
50 
75 
loa 
125 
Isa 


AMBIENT TEMPERATURE re} 


~ 
TO·22D.S·CrN 
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.••••~O'220IIrc",- 


T~E:2::~~KSINK 


Lead and line regulation - 
0.01 % temperature 
stability - 
0.2% 


tOetermines 
Zener current. 


ttSolid 
tantalum. 


An LM120-12 or LM120-15 may be used to permit higher input voltages, but the regulated output voltage must be at least -15V when using the LM120-12 and 
-18V 
lor the LM120-15. 


··Select 
resistors to set output voltage. 2 ppmrc 
tracking suggested. 


I 
-L 
-r-2.2,.,.,.·· 
I 


TLlH17767-7 


*Resistor 
tolerance 
of R1 and R2 determine 
matching 
of (+) 
and (-) 
inputs. 


··Necessary 
only jf raw supply capacitors 
are more than 3· from regulators 


An LM3086N array may substitute for Q1, 01 and 02 for better stability and 
tracking. 
In the array diode transistors 
05 and 04 (in parallel) make up 02; 
similarty, Ql 
and Q2 become 
01 and Q3 replaces the 2N2222. 


Rl+R2 
VOUT~VSET~ 


SELECT 
R2 AS FOLLOWS: 


LM12G-S 
-300n 
LM12G-12 
-750n 
LM12G-1S 
-lk 


Current Source 


':" 
r 
.., 
R, 


'ou,!: 
I 
O.l,1/oF 


+ 
I 
21,1/oF 
L 
..J 


5.0V 


'IOUT ~ 1 mA + R1 


TUH17767-8 


I 
II 
I 
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C' •• -l;t 
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I 
I 
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DI 
RS- 
1114001 
I." 


I 
ts"-1...! 
""-,II 


Performance (Typical) 


Load Regulation at <lolL~ lA 
10 mV 
1 mV 


Output Ripple, C,N = 3000 I'F, IL = 1A 
l00I'Vrms 
l00I'Vrms 


Temperature 
Stability 
+ 50 mV 
+ 50 mV 


Output Noise 10Hz 
,; f ,; 10kHz 
150 I'Vrms 
150 I'Vrms 


*Resistor tolerance of R4 and AS determine matching of (+) and 


(-) 
outputs. 


"Necessary 
only if raw supply filter capacitors 
are more than 2" 


from regulators. 


IV -15V 
BUUI 
1.15A 
MAX TURN·ON 
CURRENT 


TL/H/7767-10 


-Lamp brightness 
increases until it = 5V/R1 
(i, can be set as low as 1 j.LA). 


tNecessary 
onty 
of 
raw 
suppty 
filter 
capacitor 
is 
more 
than 
2- 
from 


LM320MP. 


IV-1SV 
•••• 
USA 
MAX TlIfUj-ON 


CURRENT 


-Lamp brightness 
increases 
until il = ia (1 mAl + 5VIR1. 


tNecessary 
onty if raw suppty filter capacitor 
is more than 2- from LM320. 


Connection 
Diagrams 
>e 


0UTPUT 


• 
INPUT 


GNO 
("? 
~ 
(CASE) 
U 


OUTPUTA~«: 
0 


GNOX 


Bottom View 


Metal Can Package TO-39 (H) 


Order Number LM120H-5.0, LM120H-12, LM120H-15, 
LM120H-5.0/883, LM120H-12/883, LM120H-15/883, 


LM320H-5.0, LM320H-12 or LM320H·15 


See NS Package Number H03A 


Steel Metal Can Package TO-3 (K) 
Order Number LM120K-5.0/883, LM120K-121883, 


LM120K-15/883, LM320K-5.0, LM320K-12 or LM320K-15 


See NS Package Number K02A 


o 


Front View 


Power Package TO-220 (T) 
Order Number LM320T-5.0, LM320T-12 or LM320T-15 
See NS Package Number T03B 


~~~ 
R16 
0.05 


t!JNational 
Semiconductor 


LM 123/LM323A/LM323 
3-Amp, 5-Volt Positive Regulator 


General Description 


The LM123 
is a three-terminal 
positive 
regulator 
with a pre- 


set 5V output 
and a load driving 
capability 
of 3 amps. 
New 


circuit 
design 
and processing 
techniques 
are used to pro- 


vide the high output 
current 
without 
sacrificing 
the regulation 


characteristics 
of lower current 
devices. 


The 
LM323A 
offers 
improved 
precision 
over 
the 
standard 


LM323. 
Parameters 
with 
tightened 
specifications 
include 


output 
voltage 
tolerance, 
line regulation, 
and 
load 
regula- 
tion. 


The 3 amp regulator 
is virtually 
blowout 
proof. 
Current 
limit- 
ing, power 
limiting, 
and thermal 
shutdown 
provide 
the same 


high level of reliability 
obtained 
with these techniques 
in the 
LM109 
1 amp regulator. 


No external 
components 
are required 
for operation 
of the 


LM123. 
If the device 
is more 
than 
4 inches 
from 
the filter 


capacitor, 
however, 
a 1 fLF solid tantalum 
capacitor 
should 


be used on the input. A 0.1 fLF or larger 
capacitor 
may be 


used on the output 
to reduce 
load transient 
spikes 
created 


by fast 
switching 
digital 
logic, 
or to swamp 
out stray 
load 


capacitance. 


An overall 
worst case specification 
for the combined 
effects 


of input 
voltage, 
load 
currents, 
ambient 
temperature, 
and 


power 
dissipation 
ensure 
that the LM123 
will perform 
satis- 


factorily 
as a system 
element. 


For applications 
requiring 
other voltages, 
see LM150 
series 


adjustable 
regulator 
data sheet. 


Operation 
is 
guaranteed 
over 
the 
junction 
temperature 


range 
- 55·C to + 150·C for LM 123, - 40·C to + 125·C for 


LM323A, 
and O·C to + 125·C for LM323. 
A hermetic 
TO-3 


package 
is used for high reliability 
and 
low thermal 
resist- 


ance. 


• 
Guaranteed 
1% initial accuracy 
(A version) 


• 
3 amp output 
current 
• 
Internal 
current 
and thermal 
limiting 


• 
0.01fi 
typical 
output 
impedance 


• 
7.5V minimum 
input voltage 


• 
30W power 
dissipation 


• 
P+ 
Product 
Enhancement 
tested 


GND 


DUTPUT~(=).0 
TL/H/7771-2 


Order 
Number 
LM123K 
STEEL, 
LM323AK 
STEEL or LM323K 
STEEL 
See NS Package 
Number 
K02A 


Order Number 
LM123K/883 
See NS Package 
Number 
K02C 


tiN 
+ 
l"F 


SOLID 


TANTALUM 


·Required if LM123 is more than 4" from filter capacitor. 


tRegulator is stable with no load capacitor into resistive loads. 


Absolute Maximum Ratings 


If Military/Aerospace 
specified devices are required, 
please 
contact 
the 
National 
Semiconductor 
sales 
Office/Distributors for availability and specifications. 
(Note 4) 


Input Voltage 


Power Dissipation 


20V 


Internally 
Limited 


Long Term Stability 


Thermal 
Resistance 
Junction 


to Case (Note 2) 


Operating 
Junction 
Temperature 
Range 
LM123 
LM323A 
LM323 


Storage 
Temperature 
Range 


Lead Temperature 
(Soldering, 
10 sec.) 


ESD Tolerance 
(Note 5) 


LM123 
Conditions 
Min 
Typ 


Tj = 25'C 
4.7 
5 
VIN = 7.5V, lOUT = OA 


7.5V ,,; VIN ,,; 15V 
4.6 
OA ,,; lOUT ,,; 3A, P ,,; 30W 


Tj = 25'C 
5 
7.5V"; 
VIN ,,; 15V 


Tj = 25'C, VIN = 7.5V, 
25 
OA,,; 
lOUT"; 
3A 


7.5V ,,; VIN ,,; 15V, 


12 
OA,,; 
'OUT"; 
3A 


Tj = 25'C 
40 
10Hz,,;f,,;100kHz 


Tj = 25'C 


VIN = 15V 
3 
VIN = 7.5V 
4 


2 


- 55'C to + 150'C 
-40'C 
to + 125'C 
O'C to + 125'C 


- 65'C to + 150'C 


300'C 


2000V 


Tj = 25·C 


VIN = 7.5V, lOUT = OA 


7.5V S; VIN S; 15V 
OA S; lOUT 
S; 3A, P S; 30W 


Tj = 25·C 
7.5V S; VIN S; 15V 


Tj = 25·C, VIN = 7.5V, 
OA S; lOUT 
S; 3A 


7.5V S; VIN S; 15V, 


OA S; lOUT 
S; 3A 


Tj = 25·C 
10 Hz S; f S; 100 kHz 


Tj = 25·C 


VIN = 15V 
VIN = 7.5V 


Long Term Stability 


Thermal 
Resistance 
Junction 
to Case (Note 2) 


LM323A 


Min 
Typ 
Max 


LM323 


Typ 
Max 


5.15 
4.75 
5.25 


5 
10 
5 
25 


25 
50 
25 
100 


12 
20 
12 
20 


40 
40 


3 
4.5 
3 
4.5 
4 
6 
4 
5 


35 
35 


2 
2 


Nole I: Unless otherwise 
noted, specifications 
apply for -SS·C 
<; Tj <; +lSIl"C 
for the LM123, 
-41l"C 
<; Tj <; +"12S·C for the LM323A, and O·C <; Tj <; + 12S·C 


for the LM323. 
Although 
power dissipation 
is internally limited, specifications 
apply only for P s 30W. 


Note 
2: Without a heat sink, the thermal resistance 
of the TO-3 
package 
is about 35°C/W. 
With a heat sink, the effective 
thermal 
resistance 
can only approach 
the 


specified 
values of ?C/W, 
depending 
on the efficiency 
of the heat sink. 


Note 
3: Load and line regulation 
are specified 
at constant 
junction temperature. 
Pulse testing is required 
with a pulse width S 1 ms and a duty cycle s 5%. 


Note 
4: Refer 
to RETS123K 
drawing for LM123K 
military specifications. 


Note 5: Human body model. 1.5 kO in series with 100 pF. 
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t!JNational 
Semiconductor 


General Description 


These 
dual polarity 
tracking 
regulators 
are designed 
to pro- 
vide balanced 
positive 
and negative 
output 
voltages 
at cur- 


rent 
up to 
100 
mA, and 
are set for 
± 15V outputs. 
Input 


voltages 
up to ± 30V can be used and there 
is provision 
for 


adjustable 
current 
limiting. 
These 
devices 
are available 
in 


two package 
types to accommodate 
various 
power 
require- 


ments 
and temperature 
ranges. 


Features 
• 
± 15V tracking 
outputs 


• 
Output 
current 
to 100 mA 


• 
Output 
voltage 
balanced 
to within 
2% 


• 
Line and load regulation 
of 0.06% 


• 
Internal 
thermal 
overload 
protection 


• 
Standby 
current 
drain of 3 mA 


• 
Externally 
adjustable 
current 
limit 


• 
Internal 
current 
limit 


0m 


"'" 
(DIUI 
0041 
..... 


@1111 


'U 
'" 
'" 
m 


0151 


8m 


'u 
'" 


Al. 
us 


+1lOOST 
14 
+S£HSE 


'" 


13 +aJRfI9IT 
UMIl 


+Y. 
"", 
-v. 
11 


GNO 


-CO"""" 
5 
10 


"""""" 


UMlT 


-..... 
'" 
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-BOOST 


Top View 


Order 
Number 
LM325N 
See NS Package 
Number 
N14A 


Metal 
Can Package 


GNO 


Case connected 
to - VIN 
TL/HI7776-3 


Top View 


Order 
Number 
LM125H/883 
or LM325H 
See NS Package 
Number 
H10C 


Absolute Maximum Ratings 
Operating Conditions 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Operating 
Free Temperature 
Range 
please 
contact 
the 
National 
Semiconductor 
Sales 
LM125 
- 55'C to + 125'C 


Office/Distributors 
for availability 
and specifications. 
LM325 
O'Cto 
+70'C 


(Note 
5) 
Storage 
Temperature 
Range 
- 65'C to + 150'C 


Input Voltage 
±30V 
Lead Temperature 
(Soldering, 
10 sec.) 
300'C 
Forced 
Vo + (Min) (Note 1) 
-0.5V 


Forced Vo- 
(Max) (Note 1) 
+0.5V 


Power Dissipation 
(Note 2) 
PMAX 


Output 
Short-Circuit 
Duration 
(Note 3) 
Continuous 


Electrical Characteristics 
LM125/LM325 
(Note 2) 


Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Output Voltage 
Tj = 25'C 


LM125 
14.8 
15 
15.2 
V 


LM325 
14.5 
15 
15.5 
V 


Input-Output 
Differential 
2.0 
V 


Line Regulation 
V,N = 18V to 30V, IL = 20 mA, 
2.0 
10 
mV 
Tj = 25'C 


Line Regulation 
Over Temperature 
Range 
V,N = 18V to 30V, IL = 20 mA, 
2.0 
20 
mV 


Load Regulation 
IL = a to 50 mA, V,N = 
±30V, 


Vo+ 
Tj = 25'C 
3.0 
10 
mV 


Vo- 
5.0 
10 
mV 


Load Regulation 
Over Temperature 
Range 
IL = a to 50 mA, V,N = ±30V 


Vo+ 
4.0 
20 
mV 


Vo- 
7.0 
20 
mV 


Output Voltage 
Balance 
Tj = 25'C 


LM125 
±150 
mV 
LM325 
±300 
mV 


Output Voltage 
Over Temperature 
Range 
P S; PMAX, a S; 10 S; 50 mA, 


LM125 
18V S; IVINI S; 30 
14.65 
15.35 
V 


LM325 
14.27 
15.73 
V 


Temperature 
Stability 
of Vo 
±0.3 
% 


Short Circuit Current 
Limit 
Tj = 25'C 
260 
mA 


Output 
Noise Voltage 
Tj = 25'C, 
BW = 100 - 
10 kHz 
150 
IJ-Vrms 


Positive 
Standby 
Current 
Tj = 25'C 
1.75 
3.0 
mA 


Negative 
Standby 
Current 
Tj = 25'C 
3.1 
5.0 
mA 


Long Term Stability 
0.2 
%/kHr 


Thermal 
Resistance 
Junction 
to 


Case (Note 4) 
~ 
LM125H, 
LM325H 
20 
'C/W 
Junction 
to Ambient 
(Still Air) 
215 
'C/W 
Junction 
to Ambient 
(400 If/min 
Air Flow) 
82 
'C/W 


Junction 
to Ambient 
(Still Air) 
, 


LM325N 
90 
'C/W 


Note 1: That voltage to which the output may be forced without damage to the device. 


Note 2: Unless otherwise specified these specifications apply for Tj = 55°C to + 150'"C on LM125. Tj = COC to + 125°C on LM325A, Tj = O·C to + 125°C on 
LM325,V,N~ ±20V.IL = 0 mA.IMAX~ 100mA.PMAX~ 2.0Wfor the Hl0 Package.IMAX~ 100mA.IMAX~ 100mA,PMAX~ 1.0Wfor the DIPN Package. 


Note 3: If the junction temperature exceeds 1500C, the output short circuit duration is 60 seconds. 


Note 4: Without a heat sink, the thermal resistance junction to ambient of the H10 Package is about 155°C/W. With a heat sink, the effective thermal resistance 
can only approach the junction to case values specified, depending on the efficiency of the sink. 


Note 5: Refer to RETS125X drawing for military specification of LM125. 


Typical Performance 
Characteristics 
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RCL 


tSolid 
tantalum 


ttShort 
pins 
6 and 
7 on 
dip 


tttRCL 
can be added to the basic regulator between pins 6 and 5, 1 and 2 to reduce 
current limit. 


-Required 
if regulator is located an appreciable 
distance from power supply filter. 


··Although 
no capacitor is needed for stability, it does help transient response. (If 
needed use 1 fLF electrolytic). 


"·Although 
no capacitor 
is needed for stability, it does help transient response. (If 
needed use 10 j.LFelectrolytic). 
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ttShort 
pins 6 and 7 on dip 


·Required 
if regulator is located an appreciable 
distance from power supply filter. 


··Although 
no capacitor 
is needed for stability, it does help transient response. (If 
needed use 1 p.F electrolytic). 
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f}1National 
Semiconductor 


General Description 


The LM133/LM333 
are adjustable 
3-terminal 
negative 
volt- 
age 
regulators 
capable 
of 
supplying 
in excess 
of 
-3.0A 


over 
an output 
voltage 
range 
of 
-1.2V 
to 
- 32V. 
These 


regulators 
are exceptionally 
easy to apply, 
requiring 
only 2 


external 
resistors 
to set 
the 
output 
voltage 
and 
1 output 


capacitor 
for frequency 
compensation. 
The 
circuit 
design 


has been optimized 
for excellent 
regulation 
and low thermal 


transients. 
Further, 
the 
LM133 
series 
features 
internal 
cur- 
rent 
limiting, 
thermal 
shutdown 
and 
safe-area 
compensa- 


tion, making them sUbstantially 
immune 
to failure from over- 
loads. 


The 
LM133/LM333 
serve 
a wide variety 
of applications 
in- 


cluding 
local on-card 
regulation, 
programmable-output 
volt- 


age regulation 
or precision 
current 
regulation. 
The LM1331 
LM333 
are ideal complements 
to the LM150/LM350 
adjust- 
able positive 
regulators. 


Features 


• 
Output 
voltage 
adjustable 
from 
-1.2V 
to -32V 


• 
3.0A output 
current 
guaranteed, 
- 55·C to + 150·C 


• 
Line regulation 
typically 
0.01 %/V 


• 
Load regulation 
typically 
0.2% 


• 
Excellent 
rejection 
of thermal 
transients 


• 
50 ppml"C 
temperature 
coefficient 


• 
Temperature-independent 
current 
limit 


• 
Internal 
thermal 
overload 
protection 


• 
P+ 
Product 
Enhancement 
tested 


• 
Standard 
3-lead 
transistor 
package 


• 
Output 
is short 
circuit 
protected 


Connection 
Diagrams 


TO-3 
Metal Can Package 


Bottom 
View 


Steel TO-3 Metal Can Package 
(KSTEEL) 


Order 
Number 
LM133K 
STEEL or 
LM333K 
STEEL 


See NS Package 
Number 
K02A 


TO-220 
Plastic 
Package 
0 


ST 
Vo 


3-Lead 
TO-220 
Plastic Package 
(T) 


Order 
Number 
LM333T 


See NS Package 
Number 
T03B 


-VOUT~ -1.25V (1 + 1:~n) 
+ ( -IADJ X R2) 


tel 
= 1 IJ-F solid tantalum 
or 10 }LF aluminum 
electrolytic 
required 
for stability. 


·C2 = 1 p,F solid tantalum 
is required 
only if regulator 
is more than 4" from power supply filter capaci- 


tor. 


Output capacitors 
in the range 011 
,..,F to 1000 
1J.F01 aluminum 
or tantalum 
electrolytic 
are commonly 


used to provide 
lower output impedance 
and improved 
transient 
response. 


Absolute Maximum Ratings 
(Note 1) 


If Military/Aerospace 
specified devices are required, 


please 
contact 
the 
National 
Semiconductor 
Sales 


Office/Distributors for availability and specifications. 


Power Dissipation 
Internally 
Limited 


Input-Output 
Voltage 
Differential 
35V 


Operating 
Junction 
Temperature 
Range 
TMIN to TMAX 
LM133 
-55'Cto 
+ 150'C 


LM333 
-40'C 
to + 125'C 


Storage 
Temperature 


Lead Temperature 
(Soldering, 
10 sec.) 


TO-3 Package 
TO-220 
Package 


ESD Susceptibility 


300'C 
260'C 


TBD 


Electrical Characteristics 
LM 133 Specifications 
with standard 
typeface 
are for TJ = 25'C, 
and those with 
boldface type apply over the full operating 
temperature 
range. (Note 3) 


Parameter 
Conditions 
Typical 
Min 
Max 
Units 
(Note 2) 
(Note 2) 


Reference 
Voltage 
IL = 10mA 
-1.250 
-1.238 
-1.262 
V 


3V ,,; IVIN - 
vourl 
,,; 35V 
-1.250 
-1.225 
-1.275 
V 
10 mA ,,; IL ,,; 3A, P ,,; PMAX 


Line Regulation 
3V ,,; IVIN - 
vourl 
,,; 35V 
0.01 
0.02 
% IV 


lour 
= 50 mA (Note 4) 
0.02 
, 
" 
0.05 


Load Regulation 
10 mA,,; 
lour"; 
3A, P ,,; PMAX 
0.2 
0.5 
% 


(Notes 
4,5) 
0.4 
1.0 


Thermal 
Regulation 
10 ms Pulse 
0.002 
0.01 
%/W 


Temperature 
Stability 
TMIN ,,; TJ ,,; TMAX 
0.4 
% 


Long Term Stability 
TJ = 125'C, 
1000 Hours 
0.15 
" 


% 


Adjust 
Pin Current 
65 
90 
J-LA 


70 
100 


Adjust 
Pin Current 
10mA,,; 
IL"; 
3A 
2 
6 
J-LA 


Change 
3.0V ,,; IVIN - 
vourl 
,,; 35V 


Minimum 
Load 
IVIN - 
vourl 
,,; 35V 
2.5 
5.0 
mA 
Current 
IVIN - 
vourl 
,,; 10V 
1.2 
2.5 


Current 
Limit 
3V,,; 
IVIN - 
vourl 
,,; 10V 
3.9 
3.0 


(Note 5) 
IVIN - 
vourl 
= 20V 
2.4 
1.25 
A 


IVIN - 
vourl 
= 30V 
.u 
, 
0.4 
0.3 


Output 
Noise 
10 Hz to 10 kHz 
0.003 
% (rms) 


(% ofVour) 


Ripple 
Rejection 
Your 
= 10V, f = 120 Hz 


CADJ = o J-LF 
60 
dB 


CADJ = 10 J-LF 
77 


Thermal 
Resistance 
TO-3 Package 
(K STEFL) 
1.2 
1.8 
" 
'C/W 


Junction-to-Case 


Thermal 
Shutdown 
163 
150 
190 
'C 
Temperature 
'. 


", 
III 


Conditions 
Typical 
Mill 
.W.ClA 
Units 
Parameter 
(Note 
2) 
(Note 
2) 


Reference 
Voltage 
IL=10mA 
-1.250 
-1.225 
-1.275 


3V ,;; IVIN - 
vOUTI ,;; 35V 
-1.250 
-1.213 
-1.287 
V 


10 mA ,;; IL ,;; 3A, P ,;; PMAX 


Line Regulation 
3V ,;; IVIN - 
vOUTI ,;; 35V 
0.01 
0.04 
% IV 


lOUT = 50 mA (Note 4) 
0.02 
0.07 


Load Regulation 
10 mA ,;; IL ,;; 3A, P ,;; PMAX 
0.2 
1.0 
% 


(Notes 4 and 5) 
0.4 
1.5 


Thermal 
Regulation 
10 ms Pulse 
0.002 
0.02 
%/W 


Temperature 
Stability 
TMIN ,;; TJ ,;; TMAX 
0.5 
% 


Long Term Stability 
TJ = 
125'C, 
1000 Hours 
0.2 
% 


Adjust 
Pin Current 
65 
95 
I-'A 


70 
100 


Adjust 
Pin Current 
10 mA,;; 
IL';; 
3A 
2.5 
8 
I-'A 
Change 
3.0V ,;; IVIN - 
vOUTI ,;; 35V 


Minimum 
Load 
IVIN - 
vOUTI ,;; 35V 
2.5 
10 
mA 


Current 
IVIN - 
vOUTI ,;; 10V 
1.5 
5.0 


Current 
Limit 
3V,;; 
IVIN - 
vOUTI ,;; 10V 
3.9 
3.0 


(Note 5) 
IVIN - 
vOUTI = 20V 
2.4 
1.0 
A 


IVIN - 
vOUTI = 30V 
0.4 
0.20 


Output 
Noise 
10Hz 
to 10kHz 
0.003 
% (rms) 


(% ofVOUT) 


Ripple 
Rejection 
VOUT = 
10V, f = 
120 Hz 


CADJ = 
o I-'F 
60 
dB 


CADJ = 
10 I-'F 
77 


Thermal 
Resistance 
TO-3 Package 
(K STEEL) 
1.2 
1.6 


Junction 
to Case 
'C/W 
TO-220 
Package 
(T) 
3 
4 


Thermal 
Shutdown 
163 
'C 
Temperature 


Thermal 
Resistance 
K Package 
35 


Junction 
to Ambient 
T Package 
50 
'C/W 


(No Heatsink) 


Note 
1: Absolute Maximum 
Ratings indicate limits beyond which damage 
to the device may occur. Electrical specifications 
do not apply when operating the device 
outside of its stated operating conditions. 


Note 
2: All limits are guaranteed 
at either room temperature 
(standard 
type face) or at temperature 
extrem 
•• 
(bold 
typeface) 
by production 
testing or 
correlation 
techniques 
using standard 
Statistical Quality Control (SQC) methods. 


Nole 3: Unless otherwise 
specified: 
IV,N - 
vourl ~ 5V, lour = O.5A, PDISS 
" 
30W. 


Note 
4: Load and line regulation are measured 
at constant junction temperature, 
using low duty cycle pulse testing (output voltage changes 
due to heating effects 
are covered 
by the Thermal 
Regulation 
specification). 
For the TO-3 
package, 
load regulation is measured 
on the output pin, Vs" below the base of the package. 


Note 5: The output current of the LM333 is guaranfeed 
to be" 
3A in the range 3V " 
IV,N - 
vourl 
" 
10V. For the range 10V " 
IV,N - 
vourl 
" 
15V, the 
guaranteed 
minimum output current is equal to: 301 (VIN - 
VOUT). Refer to graphs for guaranteed 
output currents at other voltages. 
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g; 
2.0 
... 


~ 
_ 
1.0 


"" 
5V 
10V 
lSV 
20V 
2SV 
30V 
3SV 
SV 
lSV 
20V 
2SV 
30V 
35V 


(3.0A) 
(3.0A) 
(2.0A) 
(1.2SA) 
(0.7A) 
(0.3A) 
(O.lSA) 
(3.0A) 
(3.0A) 
(2.0A) 
(1.0A) 
(0.4A) 
(0.2A) 
(O.USA) 
TESTED TESTED 
TESTED 
TESTED TESTED 
TESTED TESTED 
TESTED 
TESTED TESTED 


(V,. -VuUT) 
(V,.-VOUT) 


TTL 
CONTROL 


ION 


D3··· 


MR7S2 OR 
SIMILAR 
SA. SOV 


·When CL is larger than 20 j.LF, 01 protects the 


LM133 in case the input supply is shorted. 


"When 
C2 is larger than 10 j.LF and - VOUT is 


larger than 
- 25V. 02 protects 
the LM 133 in 
case the output is shorted. 


"·'n 
case 
VOUT 
is shorted 
to a positive 
supply, 


03 protects 
the LM133 from overvoltage, 
and 


protects the load from reversed voltage. 


Typical Applications 
(Continued) 


High-Performance 
g-Ampere Adjustable Regulator 


lOUT _ VREF 


R1 


·O.4n 
<: R1 <: 120n 


I 
I 
I 
I$ 


-v"UT 
-4VTO -21V 
@9A** 


·Wire R1 and R4 to the regulator that 
provides the highest VOUT with a 3A 
load. 


··Full 
output 
current 
requires 
5v<:lv,N-VOUTI<:10V. 
At higher in- 


put-output voltages, 
load current will 


be less (see guaranteed 
curves) 


287 


LM329A 
1% 


+ 


1 pF 


Uk 
1% 


VaUT 
-10V 
15 ppm/"C 


VI. 
-35V 
(MAX) 


ADJ 


V,. i~:i:OKl Vour 


REGULATOR· 


I 
I$ 
I 
I 


VOUT 
-1.2VTO 
- 27V 
@9A*· 


··Full 
output 
current 
requires 


5v,;;lvIN-VOUTI 
,;;lOV. At higher in- 


put-output 
voltages, 
load current will 
be less (see guaranteed 
curves) 


TL/H/9065-13 


(,.5V) 
lOUT ~ 
R1 
± 15 % adjusTable 


III 


Typical Applications 
(Continued) 


THERMAL 
REGULATION 


When 
power 
is dissipated 
in an IC, a temperature 
gradient 
occurs 
across 
the IC chip affecting 
the individual 
IC circuit 
components. 
With an IC regulator, 
this gradient 
can be es- 
pecially 
severe 
since the power dissipation 
is large. Thermal 


regUlation 
is the 
effect 
of these 
temperature 
gradients 
on 
output 
voltage 
(in percentage 
output 
change) 
per watt 
of 
power 
change 
in a specified 
time. Thermal 
regulation 
error 


is independent 
of electrical 
regUlation 
or temperature 
coeffi- 
cient, 
and occurs 
within 
5 ms to 50 ms after 
a change 
in 
power 
dissipation. 
Thermal 
regulation 
depends 
on IC layout 
as well as electrical 
design. The thermal 
regUlation 
of a volt- 


age regulator 
is defined 
as the percentage 
change 
of VOUT, 


per watt, within 
the first 
10 ms after 
a step of power 
is ap- 
plied. The LM133's 
specification 
is 0.01 %/W, 
max. 


In Figure 
1, a typical 
LM133's 
output 
drifts 
only 
2 mV (or 
0.02% 
of VOUT = -10V) 
when 
a 20W pulse 
is applied 
for 
10 ms. This performance 
is thus well inside the specification 
limit of 0.01 %/W x 20W = 0.2% 
max. When the 20W pulse 
is ended, the thermal 
regulation 
again shows a 2 mV step as 
the LM133 chip cools off. Note that the load regulation 
error 
of about 1 mV (0.01 %) is additional 
to the thermal 
regulation 
error. In Figure 2, when the 20W pulse is applied 
for 100 ms, 


the output 
drifts only slightly 
beyond 
the drift in the first 
10 
ms, and the thermal 
errpr stays well within 
0.1 % (10 mV). 


t!JNational 
Semiconductor 


LM137/LM337 
3-Terminal Adjustable Negative Regulators 


General Description 
The LM137/LM337 are adjustable 3-terminal negative volt- 
age regulators capable of supplying in excess of -1.5A 
over an output voltage range of -1.2V 
to -37V. 
These 


regulators are exceptionally easy to apply, requiring only 2 
external resistors to set the output voltage and 1 output 
capacitor for frequjlncy compensation. The circuit design 
has been optimized for excellent regulation and low thermal 
transients. Further, the LM137 series features internal cur- 
rent limiting, thermal shutdown and safe-area compensa- 
tion, making them virtually blowout-proof against overloads. 
The LM137/LM337 serve a wide variety of applications in- 
cluding local on-card regulation, programmable-output volt- 
age regulation or precision current regulation. The LM137/ 
LM337 are ideal complements to the LM117/LM317 adjust- 
able positive regulators. 


Features 
• 
Output voltage adjustable from -1.2V 
to - 37V 


• 
1.5A output current guaranteed, - 55"C to + 150"C 


• 
Line regulation typically 0.0'1%/V 


• 
Load regulation typically 0.3% 
• 
Excellent thermal regulation, 0.002%/W 


• 
77 dB ripple rejection 
• 
Excellent rejection of thermal transients 
• 
50 ppmrC 
temperature coefficient 
• 
Temperature-independent current limit 
• 
Internal thermal overload protection 
• 
P+ Product Enhancement tested 
• 
Standard 3-lead transistor package 
• 
Output is short circuit protected 


, 


Rated 
Design 


Device 
Package 
Power 
Load 


Dissipation 
Current 


LM137/337 
TO-3 (K) 
20W 
1.5A 


TO-39 (H) 
2W 
0.5A 


LM337 
TO-220 (T) 
15W 
1.5A 


LM137/ 
Your 


LM337 


Full output current 
not available 
at high input-output 
voltages 


-Your ~ -1.25V (1 + 1::n) 
+ ( -IADJX R2) 


tel 
= 1 ~F solid tantalum 
or 10 J.LFaluminum 
electrolytic 
required 
for stability 


·C2 
= 1 ,...F solid tantalum 
is required 
only if regulator 
is more than 4 
H 
from power-supply 
filter capacitor 


Output 
capacitors 
in the range 
of 1 J.LFto 1000 
J.l.Fof aluminum 
or tantalum 
electrolytic 
are commonly 
used to provide 
improved 


output 
impedance 
and rejection 
of transients 
• 


Absolute Maximum Ratings 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Operating 
Junction 
Temperature 
Range 


please 
contact 
the 
National 
Semiconductor 
Sales 
LM137 
- 55'C to + 150'C 


Office/Distributors 
for availability 
and specifications. 
LM337 
O'C to + 125'C 


(Note 
4) 
Storage 
Temperature 
- 65'C to + 150'C 


Power Dissipation 
Internally 
Limited 
Lead Temperature 
(Soldering, 
10 sec.) 
300'C 


Input-Output 
Voltage 
Differential 
40V 
Plastic Package 
(Soldering, 
4 sec.) 
260'C 


ESD Rating 
2k Volts 


Electrical Characteristics 
(Note 1) 


Parameter 
Conditions 
LM137 
LM337 
Units 


Min 
Typ 
Max 
Min 
Typ 
Max 


Line Regulation 
Tj = 25'C, 
3V ,;; IVIN - 
vOUTI ,;; 40V 
0.01 
0.02 
0.01 
0.04 
%/V 


(Note 2) IL = 10 mA 


Load Regulation 
Tj = 25'C, 
10 mA ,;; lOUT ,;; IMAX 
0.3 
0.5 
0.3 
1.0 
% 


Thermal 
Regulation 
Tj = 25'C. 
10 ms Pulse 
0.002 
0.02 
0.003 
0.04 
%/W 


Adjustment 
Pin Current 
65 
100 
65 
100 
I-'A 


Adjustment 
Pin Current 
Charge 
10mA,;; 
IL';; 
IMAX 
2 
5 
2 
5 
I-'A 


3.0V ,;; IVIN - 
vOUTI ,;; 40V. 


TA = 25'C 


Reference 
Voltage 
Tj = 25'C 
(Note 3) 
-1.225 
-1.250 
-1.275 
-1.213 
-1.250 
-1.287 
V 


3V ,;; IVIN - 
vOUTI ,;; 40V. (Note 3) 
-1.200 
-1.250 
-1.300 
-1.200 
-1.250 
-1.300 
V 


10 mA ,;; lOUT';; 
'MAX. P ,;; PMAX 


Line Regulation 
3V ,;; IVIN - 
vOUTI ,;; 40V, (Note 2) 
0.02 
0.05 
0.02 
0.07 
%/V 


Load Regulation 
10 mA ,;; lOUT';; 
IMAX, (Note 2) 
0.3 
1 
0.3 
1.5 
% 


Temperature 
Stability 
TMIN ,;; Tj ,;; TMAX 
0.6 
0.6 
% 


Minimum 
Load Current 
IVIN - 
vOUTI ,;; 40V 
2.5 
5 
2.5 
10 
mA 


IVIN - 
vOUTI ,;; 10V 
1.2 
3 
1.5 
6 
mA 


Current 
Limit 
IVIN - 
vOUTI ,;; 15V 
K and T Package 
1.5 
2.2 
3.5 
1.5 
2.2 
3.7 
A 


H Package 
0.5 
0.8 
1.8 
0.5 
0.8 
1.9 
A 


IVIN - 
vOUTI = 40V, Tj = 25'C 


K and T Package 
0.24 
0.4 
0.15 
0.4 
A 


H Package 
0.15 
0.17 
0.10 
0.17 
A 


RMS Output 
Noise. % of VOUT 
Tj = 25'C. 
10Hz 
,;; f ,;; 10kHz 
0.003 
0.003 
% 


Ripple 
Rejection 
Ratio 
VOUT = -10V,f 
= 120Hz 
60 
60 
dB 


CADJ = 10 I-'F 
66 
77 
66 
77 
dB 


Long-Term 
Stability 
Tj = 125'C, 
1000 Hours 
0.3 
1 
0.3 
1 
% 


Thermal 
Resistance. 
H Package 
12 
15 
12 
15 
'C/W 
Junction 
to Case 
K Package 
2.3 
3 
2.3 
3 
'C/W 


T Package 
4 
'C/W 


Thermal 
Resistance. 
H Package 
. 


140 
140 
'C/W 
Junction 
to Ambient 
K Package 
35 
35 
'C/W 


(No Heat Sink) 
T Package 
50 
'C/W 


Note 1: Unless otherwise specified, these specifications apply -55°C 
s: Tj ~ +1S00C for the lM137, crc s: Tj s: +12S·Cforthe 
LM337; VIN - 
VOUT = 5V; and 


lOUT = O.lA for the TQ-39 package and lOUT = O.SAfor the TO-3 and TO-220 packages. Although power dissipation is internally limited, these specifications are 
applicablefor powerdissipationsof 2Wfor theTO-39and20Wfor the TO-3andTD-220. 
IMAX is 1.5Afor theTO-3andTO-220packages.andO.2Afor the TO-39 
package. 


Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are 
covered under the specification for thermal regulation. Load regulation is measured on the output pin at a point Yew 
below the base of the TO-3 and TO·39 
packages. 


Note 3: Selected devices with tightened tolerance reference voltage available. 


Nole 4: Referto RETS137Hdrawingfor LM137Hor RETS137Kdrawingfor LM137Kmilitaryspecifications. 
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Thermal Regulation 


When 
power 
is dissipated 
in an IC, a temperature 
gradient 


occurs 
across 
the IC chip affecting 
the individual 
IC circuit 


components. 
With an IC regulator, 
this gradient 
can be es- 


pecially 
severe 
since 
power 
dissipation 
is large. 
Thermal 


regulation 
is the 
effect 
of these 
temperature 
gradients 
on 
output 
voltage 
(in percentage 
output 
change) 
per Watt 
of 


power 
change 
in a specified 
time. Thermal 
regulation 
error 


is independent 
of electrical 
regulation 
or temperature 
coeffi- 
cient, 
and occurs 
within 
5 ms to 50 ms after 
a change 
in 
power 
dissipation. 
Thermal 
regulation 
depends 
on IC layout 


as well as electrical 
design. 
The thermal 
regulation 
of a volt- 
age regulator 
is defined 
as the percentage 
change 
of Vour, 
per Watt, 
within 
the 
first 
10 ms after 
a step 
of power 
is 


applied. 
The LM137's 
specification 
is 0.02%/W, 
max. 


LM137. VOUT ~ 
-10V 


V,N 
- 
VOUT 
~ 
-40V 
I'L = OA •.•.• 
O.25A 
•.•.• 
OA 


Vertical sensitivity, 
5 mVIdiv 
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In Figure 
1, a typical 
LM137's 
output 
drifts 
only 
3 mV (or 


0.03% 
of Your 
= -10V) 
when 
a 10W pulse 
is applied 
for 


I 
10 ms. This performance 
is thus well inside the specification 


limit 
of 0.02%/W 
x 
10W 
= 0.2% 
max. 
When 
the 
10W 


pulse 
is ended, 
the thermal 
regulation 
again shows 
a 3 mV 


step at the LM137 
chip cools off. Note that the load regula- 


tion error of about 8 mV (0.08%) 
is additional 
to the thermal 


regulation 
error. In Figure 2, when the 10W pulse is applied 


for 100 ms, the output 
drifts only slightly 
beyond 
the drift in 


the first 10 ms, and the thermal 
error stays well within 
0.1 % 


(10 mY). 


I------ 100"" -----l 


LM137, VOUT 
- 
-lOV 


V,N 
- 
VOUT 
= 
-40V 


IL ~ 
OA •.•.• 
O.25A 
•.•.• OA 


Horizontal sensitivity, 
20 ms/div 


FIGURE 
2 


Connection 
Diagrams 


TO-3 


Metal Can Package 


Bottom View 
Order Number LM137K/883 


see NS Package Number K02C 


Order Number LM337K STEEL 
See NS Package Number K02A 


TO-39 
Metal Can Package 


Order Number LM137H, LM137H/883 or LM337H 


See NS Package Number H03A 


TO-220 
Plastic Package 


I 
I 
I 
I 
I 
I 
I 


I 
I 
I 
, 


•• I 
'.., 
L 
J 


Front View 


Order Number LM337T 
See NS Package Number T03B 


Typical Applications 
(Continued) 


Adjustable 
Lab Voltage 
Regulator 


-1.2V 
TO -20V 
Full output current not available 


-25V 
at high input-output voltages 


-The 10 p.F capacitors 
are optional to improve ripple rejectiO"TL/H/9067_9 


VIN 


ICURRENT 
.OUTPUT 


lOUT 


I 
1.250V 
OUT 
~ F'i1 


'0.80 
,;; Rl ,;; 1200 


TLiH/9067 -13 


·When 
CL is larger than 20 f.4F,01 protects 
the LM137 in case the input 


supply is shorted 


··When 
C2 is larger than 10 JLF and -VOUT 
is larger than -25V, 
02 pro- 


tects the lM137 
in case the output is shorted 


- 5.2V Regulator 
with 
Electronic 
Shutdown" 


TTL 
CONTROL 


TUH/9067-10 


-Minimum output ~ -1.3V when control input is low 


!IOUT 


VOUT 
-loV 
15 ppmrc 
III 


Typical Performance Characteristics 
(K Steel and T Packages) 


Load Regulation 
Current Limit 
Adjustment Current 
0.2 
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TEMPERATURE 
I'CI 
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IV) 
TEMPERATURE 
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TLIH/9067-15 


tf'JNational 
Semiconductor 


LM 137HV ILM337HV 
3-Terminal Adjustable Negative 
Regulators (High Voltage) 


General Description 


The 
LM137HV/LM337HV 
are adjustable 
3-terminal 
nega- 


tive 
voltage 
regulators 
capable 
of supplying 
in excess 
of 


-1.SA 
over 
an output 
voltage 
range 
of 
-1.2V 
to 
-47V. 
These 
regulators 
are exceptionally 
easy to apply, 
requiring 


only 
2 external 
resistors 
to set the 
output 
voltage 
and 
1 


output 
capacitor 
for 
frequency 
compensation. 
The 
circuit 


design 
has been optimized 
for excellent 
regulation 
and low 


thermal 
transients. 
Further, 
the 
LM137HV 
series 
features 


internal 
current 
limiting, 
thermal 
shutdown 
and 
safe-area 


compensation, 
making 
them 
virtually 
blowout-proof 
against 


overloads. 


The 
LM137HV/LM337HV 
serve 
a wide 
variety 
of applica- 


tions 
including 
local on-card 
regulation, 
programmable-out- 


put voltage 
regulation 
or precision 
current 
regulation. 
The 


LM137HV/LM337HV 
are 
ideal 
complements 
to 
the 


LM117HV ILM317HV 
adjustable 
positive 
regulators. 


Features 


• 
Output 
voltage 
adjustable 
from 
-1 
.2V to 
- 47V 


• 
1.SA output 
current 
guaranteed, 
- SS'C to + 1S0'C 


• 
Line regUlation 
typically 
0.01 %N 


• 
Load regUlation 
typically 
0.3% 


• 
Excellent 
thermal 
regUlation, 
0.002%/W 


• 
77 dB ripple rejection 


• 
Excellent 
rejection 
of thermal 
transients 


• 
SO ppmrC 
temperature 
coefficient 


• 
Temperature-independent 
current 
limit 


• 
Internal 
thermal 
overload 
protection 


• 
P+ 
Product 
Enhancement 
tested 


• 
Standard 
3-lead 
transistor 
package 


• 
Output 
short 
circuit 
protected 


VIN 
LM137HVI 
Your 
LM337HV 


tC1 
= 1 JLFsolid tantalum or 10 p.F aluminum 
electrolytic 
required for stability. Output 
capacitors 
in the 
range of 1 ,..,Fto 1000 p.F of aluminum 
or tantalum 


electrolytic are 
commonly 
used to provide im- 
proved output impedance and rejection of tran- 


sients. 


·C2 = 1 ILF solid tantalum 
is required 
only if regulator 
is 
more than 4" from power-supply 
filter capacitor. 


III 


Absolute Maximum Ratings 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Operating 
Junction 
Temperature 
Range 


please 
contact 
the 
National 
Semiconductor 
Sales 
LM137HV 
- S5·C to + 1S0·C 


Office/Distributors 
for availability 
and specifications. 
LM337HV 
O·C to + 125·C 


(Note 
3) 
Storage 
Temperature 
- 6S·C to + 150·C 


Power Dissipation 
Internally 
limited 
Lead Temperature 
(Soldering, 
10 sec.) 
300· 


Input-Output 
Voltage 
Differential 
SOV 
ESD rating 
is to be determined. 


Electrical Characteristics 
(Note 1) 


Conditions 
LM137HV 
LM337HV 
Units 
Parameter 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


Line Regulation 
TJ = 2S·C, 3V s: IVIN-voUTI 
s: SOV, 
0.01 
0.02 
0.01 
0.04 
%/V 
(Note 2) IL = 10 mA 


Load Regulation 
TJ = 2S·C, 10 mA s: lOUT s: IMAX 
0.3 
O.S 
0.3 
1.0 
% 


Thermal 
Regulation 
TJ = 2S·C, 10 ms Pulse 
0.002 
0.02 
0.003 
0.04 
%/w 


Adjustment 
Pin Current 
65 
100 
6S 
100 
",A 


Adjustment 
Pin Current 
Change 
10 mA s: IL s: IMAX 
2 
S 
2 
5 
",A 
3.0V s: IVIN-VOUTI 
s: 50V, 
4 
6 
3 
6 
",A 
TJ = 25· 


Reference 
Voltage 
TJ = 25·C, (Note 3) 
-1.225 
-1.250 
-1.275 
-1.213 
-1.250 
-1.287 
V 


3V s: IVIN-VOUTI 
s: 50V, (Note 3) 
-1.200 
-1.250 
-1.300 
-1.200 
-1.250 
-1.300 
V 


10 mA s: lOUT s: IMAX, PS: PMAX 


Line Regulation 
3V s: IVIN-VOUTI 
s: 50V, (Note 2) 
0.02 
0.05 
0.02 
0.07 
%/V 
IL = 10mA 


Load Regulation 
10 mA s: lOUT s: IMAX, (Note 2) 
0.3 
1 
0.3 
1.5 
% 


Temperature 
Stability 
TMIN s: Tj s: TMAX 
0.6 
0.6 
% 


Minimum 
Load Current 
IVIN-VOUTI 
s: 50V 
2.5 
5 
2.S 
10 
mA 


IVIN-VOUTI 
s: 10V 
1.2 
3 
1.5 
6 
mA 


Current 
Limit 
IVIN-VOUTI 
s: 13V 


K Package 
1.5 
2.2 
3.2 
1.5 
2.2 
3.5 
A 
H Package 
0.5 
0.8 
1.6 
0.5 
0.8 
1.8 
A 


IVIN-VOUTI 
= sov 


K Package 
0.2 
0.4 
0.8 
0.1 
0.4 
0.8 
A 
H Package 
0.1 
0.17 
0.5 
O.OSO 
0.17 
0.5 
A 


RMS Output 
Noise, 
% of VOUT 
TJ = 25·C, 10 Hz s: f s: 10 kHz 
0.003 
0.003 
% 


Ripple 
Rejection 
Ratio 
VOUT = -10V, 
f = 120 Hz 
60 
60 
dB 


CADJ = 10 ",F 
66 
77 
66 
77 
dB 


Long-Term 
Stability 
TA = 125·C, 1000 Hours 
0.3 
1 
0.3 
1 
% 


Thermal 
Resistance, 
Junction 
H Package 
12 
15 
12 
15 
·C/W 


to Case 
K Package 
, 
2.3 
3 
2.3 
3 
·C/W 


Thermal 
Resistance, 
Junction 
H Package 
140 
140 
·C/W 


to Ambient 
K Package 
35 
35 
·C/W 


Note 1: Unlessotherwisespecdied,thesespecificationsapply: -SS'C :> Tj :> + lSO"Cfor the LMI37HV,O"C:> Tj :> + 12S'Cfor the LM337HV;V'N-VOUT ~ 
5V; and lOUT = O.1A for the TD-39 package and lOUT = a.SA for the TD-3 package. Although power dissipation is internally limited, these specifications are 
applicablefor powerdissipationsof 2Wfor the TO-39and 20Wfor the TO·3.IMAXis I.SA for the TO·3packageand O.2Afor the T0-39 package. 


Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are 
covered under the specification for thermal regulations. Load regulation is measured on the output pin at a point Va- below the base of the TO-3 and TO-39 
packages. 


Note 3: Referto RETS137HVHdrawingfor LM137HVHor RETS137HVKfor LM137HVKmilitaryspecifications. 
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Thermal Regulation 


When 
power 
is dissipated 
in an IC, a temperature 
gradient 


occurs 
across 
the 
IC chip affecting 
the individual 
IC circuit 


components. 
With an IC regulator, 
this gradient 
can be es- 
pecially 
severe 
since 
power 
dissipation 
is large. 
Thermal 


regulation 
is the 
effect 
of these 
temperature 
gradients 
on 


output 
voltage 
(in percentage 
output 
change) 
per Watt 
of 


power 
change 
in a specified 
time. Thermal 
regulation 
error 


is independent 
of electrical 
regulation 
or temperature 
coeffi- 


cient, 
and occurs 
within 
5 ms to 50 ms after 
a change 
in 


power 
dissipation. 
Thermal 
regulation 
depends 
on IC layout 


as well as electrical 
design. The thermal 
regulation 
of a volt- 


age regulator 
is defined 
as the percentage 
change 
of Your, 
per Watt, 
within 
the 
first 
10 ms after 
a step 
of 
power 
is 


applied. 
The LM137HV's 
specification 
is 0.02%/W, 
max. 


v 
'"' 
"- 


LM137HV, VOUT ~ 
-10V 


V'N-VOUT 
~ 
-40V 


IL ~ OA~O.25A~OA 


Vertical 
sensitivity, 
5 mV Idiv 


FIGURE 
1 


In Figure 
1, a typical 
LM137HV's 
output 
drifts only 3 mV (or 


0.03% 
of Your 
= -10V) 
when 
a 10W pulse 
is applied 
for 


10 ms. This performance 
is thus well inside the specification 
limit of 0.02%/W 
x 10W = 0.2% 
max. When the 10W pulse 
is ended, the thermal 
regulation 
again shows a 3 mV step as 


the 
LM137HV 
chip cools 
off. Note 
that the load regulation 
error 
of about 
8 mV (0.08%) 
is additional 
to the 
thermal 


regulation 
error. 
In Figure 2, when 
the 10W pulse is applied 


for 100 ms, the output 
drifts only slightly 
beyond 
the drift in 


the first 10 ms, and the thermal 
error stays well within 
0.1 % 


(10 mY). 


f 
0.1%L 


"- 


LM137HV, VOUT ~ 
-10V 


V'N-VOUT 
~ 
-40V 


'L - 
OA~O.25A~OA 


Horizontal 
sensitivity, 
20 
ms/div 


FIGURE 
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TO·3 
Metal Can Package 


Bottom 
View 


Order 
Number 
LM 137HVK/883 
or SMD # 7703404 
See NS Package 
Number 
K02C 


Order 
Number 
LM337HVK 
STEEL 
See NS Package 
Number 
K02A 


TO-39 
Metal Can PackageQ 


:P-, 
AOJUSTMENT 


l~)-OUTPUT 


INPUT 


CASE IS INPUT 


Bottom 
View 


Order Number 
LM137HVH/883, 
SMD #7703404 
or 
LML337HVH 
See NS Package 
Number 
H03A 


Full output current not available 
at high input-output voltages 


·The 10 J.LFcapacitors are optional to improve ripple rejection 


VREF 
IOUT~R1 


• o.en ,; R1 ,; 120n 


lr 
OUT 


TLIH/9066-11 


• Use resistors with good tracking TC < 25 ppm/oC 
TL/H/9066-10 


·When 
CL is larger 
than 
20 
p.F, 01 
protects 
the 
LM137HV in case the input supply is shorted 


··When C2 is larger than 10 J.LFand -VOUT 
is larger than 


-25V, 
02 protects the LM137HV is case the output is 


shorted 


VOUT 
-40V 
35 ppmfC 
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(J1National 
Semiconductor 


LM138, LM338 
5-Amp Adjustable Regulators 


General Description 


The LM138 
series 
of adjustable 
3-terminal 
positive 
voltage 


regulators 
is capable 
of supplying 
in excess 
of 5A over 
a 


1.2V to 32V output 
range. 
They 
are exceptionally 
easy 
to 


use and 
require 
only 
2 resistors 
to set the output 
voltage. 
Careful 
circuit 
design 
has resulted 
in outstanding 
load and 


line 
regulation--<:omparable 
to 
many 
commercial 
power 


supplies. 
The LM138 
family 
is supplied 
in a standard 
3-lead 


transistor 
package. 


A unique feature 
of the LM138 family is time-dependent 
cur- 


rent limiting. 
The current 
limit circuitry 
allows 
peak currents 


of up to 12A to be drawn from the regulator 
for short periods 


of time. This allows 
the LM138 
to be used with heavy tran- 


sient 
loads 
and speeds 
start-up 
under 
full-load 
conditions. 


Under 
sustained 
loading 
conditions, 
the 
current 
limit 
de- 


creases 
to a safe value protecting 
the regulator. 
Also includ- 


ed on the 
chip 
are thermal 
overload 
protection 
and 
safe 


area protection 
for the power transistor. 
Overload 
protection 


remains 
functional 
even if the adjustment 
pin is accidentally 


disconnected. 


Normally, 
no capacitors 
are 
needed 
unless 
the 
device 
is 


situated 
more than 
6 inches 
from 
the input filter capacitors 


in which 
case an input bypass 
is needed. 
An output 
capaci- 


tor can be added 
to improve 
transient 
response, 
while 
by- 


passing 
the adjustment 
pin will increase 
the regulator's 
rip- 


ple rejection. 


Besides 
replacing 
fixed 
regulators 
or discrete 
designs, 
the 


LM138 is useful in a wide variety of other applications. 
Since 


the regulator 
is "floating" 
and sees only the input-to-output 


differential 
voltage, 
supplies 
of several 
hundred 
volts can be 


regulated 
as long as the maximum 
input to output 
differen- 


tial 
is 
not 
exceeded, 
i.e., 
do 
not 
short-circuit 
output 
to 


ground. 
The part numbers 
in the LM138 
series which 
have a 


K suffix 
are packaged 
in a standard 
Steel 
TO-3 
package, 


while those with a T suffix are packaged 
in a TO-22D 
plastic 


package. 
The LM138 
is rated for -55'C 
~ TJ ~ + 15D'C, 


and the LM338 
is rated for D'C ~ TJ ~ + 125'C. 


Features 


• 
Guaranteed 
7A peak output 
current 


• 
Guaranteed 
5A output 
current 


• 
Adjustable 
output 
down 
to 1.2V 


• 
Guaranteed 
thermal 
regulation 


• 
Current 
limit constant 
with temperature 


• 
P+ 
Product 
Enhancement 
tested 


• 
Output 
is short-circuit 
protected 


Applications 


• 
Adjustable 
power 
supplies 


• 
Constant 
current 
regulators 


• 
Battery 
chargers 


(TO-3 STEEL) 
Metal Can Package 


Bottom 
View 


Order 
Number 
LM138K 
STEEL or LM338K 
STEEL 


See NS Package 
Number 
K02A 


(TO-220) 
Plastic Package 


Front View 


Order Number 
LM338T 
See NS Package 
Number 
T03B 
III 


Absolute Maximum Ratings 
(Note 1) 


If Military/Aerospace 
specified devices are required, 
Lead Temperature 
please 
contact 
the 
National 
Semiconductor 
Sales 
Metal Package 
(Soldering, 
10 seconds) 
300'C 
Office/Distributors for availability and specifications. 
Plastic Package 
(Soldering, 
4 seconds) 
260'C 


(Note 4) 
ESD Tolerance 
TBD 


Power Dissipation 
Internally 
limited 


Input/Output 
Voltage 
Differential 
+40V, 
-0.3V 
Operating Temperature 
Range 


Storage 
Temperature 
- 6S'C to + 1S0'C 
LM138 
- sS'C :s;TJ :s; + 1S0'C 
LM338 
O'C :s;TJ :s; + 12S'C 


Electrical Characteristics 
Specifications 
with standard 
type face are for TJ = 2S'C, and those 
with boldface type apply over full Operating Tempera- 
ture Range. Unless 
otherwise 
specified, 
VIN - 
VOUT = SV; and 'OUT = 10 mA. (Note 2) 


Symbol 
Parameter 
Conditions 
LM138 
Units 
Min 
Typ 
Max 


VAEF 
Reference 
Voltage 
3V :s; (VIN - 
VOUT) :s;3SV, 
1.19 
1.24 
1.29 
V 
10 mA :s; 'OUT :s;SA, P :s;SOW 


VALINE 
Line Regulation 
3V :s; (VIN - 
VOUT) :s;3SV (Note 3) 
O.OOS 
0.01 
%/V 


0.02 
0.04 
%/V 


VA LOAD 
Load Regulation 
10 mA :s; 'OUT :s; SA (Note 3) 
0.1 
0.3 
% 


0.3 
0.6 
% 


Thermal 
Regulation 
20 ms Pulse 
, 


0.002 
0.01 
%/W 


IADJ 
Adjustment 
Pin Current 
45 
100 
",A 


~IADJ 
Adjustment 
Pin Current 
Change 
10 mA:s; 
'OUT:S; SA, 
0.2 
5 
",A 
3V :s;(VIN - 
VOUT) :s;3SV 


~VA/T 
Temperature 
Stability 
TMIN:S; TJ:S; TMAX 
1 
% 


ILOAD(Min) 
Minimum 
Load Current 
VIN - 
VOUT = 3SV 
3.5 
5 
mA 


ICL 
Current 
Limit 
VIN - 
VOUT :s; 10V 


DC 
5 
8 
A 
O.S ms Peak 
7 
12 
A 


VIN - 
VOUT = 30V 
1 
1 
A 


VN 
RMS Output 
Noise, % of VOUT 
10Hz 
:s;f :s; 10kHz 
0.003 
% 


~VA 
Ripple Rejection 
Ratio 
VOUT = 10V, f = 120 Hz, CADJ = 0 ",F 
60 
dB 


~VIN 
VOUT = 10V, f = 120 Hz, CADJ = 10 ",F 
60 
75 
dB 


Long-Term 
Stability 
TJ = 12S'C, 1000 Hrs 
0.3 
1 
% 


IIJC 
Thermal 
Resistance, 
K Package 
Junction 
to Case 
1 
'C/W 


IIJA 
Thermal 
Resistance, 
Junction 
to 
K Package 
3S 
Ambient 
(No Heat Sink) 
'C/W 


\, 


Electrical Characteristics 
(Continued) 
Specifications 
with standard 
type face are for TJ = 25·C, and those 
with boldface 
type 
apply over full 
Operating 
Tempera- 
ture 
Range. 
Unless 
otherwise 
specified, 
VIN - 
VOUT = 5V; and lOUT = 10 mA. (Note 2) 


Symbol 
Parameter 
Conditions 
LM338 
Units 


Min 
Typ 
Max 


VREF 
Reference 
Voltage 
3V ,;; (VIN - 
VOUT) ,;; 35V, 
1.19 
1.24 
1.29 
V 
10 mA ,;; lOUT';; 
5A, P ,;; 50W 


VRlINE 
Line Regulation 
3V ,;; (VIN - 
VOUT) ,;; 35V (Note 3) 
0.005 
0.03 
%/V 


0.02 
0.06 
%/V 


VRLOAD 
Load Regulation 
10 mA ,;; 'OUT';; 
5A (Note 3) 
0.1 
0.5 
% 


0.3 
1 
% 


Thermal 
Regulation 
20 ms Pulse 
0.002 
0.02 
%/W 


IADJ 
Adjustment 
Pin Current 
45 
100 
I-'A 


6.IADJ 
Adjustment 
Pin Current 
Change 
10 mA,;; 
lOUT';; 
5A, 
0.2 
5 
I-'A 
3V ,;; (VIN - 
VOUT) ,;; 35V 


6.VR/T 
Temperature 
Stability 
TMIN ,;; TJ ,;; TMAX 
1 
% 


ILOAD(Min) 
Minimum 
Load Current 
VIN - 
VOUT = 35V 
3.5 
10 
mA 


ICL 
Current 
Limit 
VIN - 
VOUT';; 
10V 


DC 
5 
8 
A 


0.5 msPeak 
7 
12 
A 


VIN - 
VOUT = 30V 
1 
A 


VN 
RMS Output 
Noise, % of VOUT 
10Hz,;;f,;;10kHz 
0.003 
% 


D.VR 
Ripple Rejection 
Ratio 
VOUT = 10V, f = 120 Hz, CADJ = 0l-'F 
60 
dB 
6.VIN 
VOUT = 10V, f = 120 Hz, CADJ = 10 I-'F 
60 
75 
dB 


Long-Term 
Stability 
TJ = 125·C, 1000 hrs 
0.3 
1 
% 


6JC 
Thermal 
Resistance 
K Package 
1 
·C/W 
Junction 
to Case 
T Package 
4 
·C/W 


6JA 
Thermal 
Resistance, 
Junction 
to 
K Package 
35 
·C/W 
Ambient 
(No Heat Sink) 
T Package 
50 
·C/W 


Note 
1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 
intended to be functional, 
but do not guarantee 
specific perlormance 
limits. For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 


Note 2: These specificatIons 
afe applicable for power dissipations 
up to SOW for the TO-3 (K) package and 25W for the TO·220 m package. Power dissipation 
is 


guaranteed 
at these values up to 15V input-output 
differential. 
Above 15V differential. 
power dissipation will be limited by internal protection 
circuitry. All limits (i.e.. 


the numbers in the Min. and Max. columns) are guaranteed 
to National's 
AOOL (Average Outgoing Quality Level). 


Note 3: Regulation is measured at a constant junction temperature. 
using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are 
covered 
under the specifications 
for thermal regulation. 


Note 4: Refer to RETS138K 
drawing for military specifications 
of LM138K. 


Typical Performance Characteristics 
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Application 
Hints 


In operation, 
the 
LM138 
develops 
a nominal 
1.25V 
refer- 


ence voltage, 
VREF, between 
the output 
and adjustment 
ter- 


minal. 
The reference 
voltage 
is impressed 
across 
program 


resistor 
R1 and, 
since 
the voltage 
is constant, 
a constant 


current 
11 then flows through 
the output 
set resistor 
R2, giv- 


ing an output 
voltage 
of 


Your = VREF (1 + :~) 
+ IADJR2. 


LM331 


III 


VREF 
RI 
! 
- 
IADJ 


FIGURE 
1 


Since the 50 J.LAcurrent 
from the adjustment 
terminal 
repre- 
sents 
an error 
term, 
the 
LM138 
was designed 
to minimize 


IADJ and make it very constant 
with line and load changes. 
To do this, all quiescent 
operating 
current 
is returned 
to the 


output 
establishing 
a minimum 
load current 
requirement. 
If 
there 
is insufficient 
load on the output, 
the output 
will rise. 


External 
Capacitors 


An input bypass 
capacitor 
is recommended. 
A 0.1 J.LFdisc 


or 1 J.LFsolid tantalum 
on the input is suitable 
input bypass- 
ing for almost 
all applications. 
The device 
is more sensitive 


to the absence 
of input bypassiing 
when 
adjustment 
or out- 
put capacitors 
are used but the above 
values 
will eliminate 


the possiblity 
of problems. 


The adjustment 
terminal 
can be bypassed 
to ground 
on the 


LM138 
to 
improve 
ripple 
rejection. 
This 
bypass 
capacitor 
prevents 
ripple from being amplified 
as the output voltage 
is 


increased. 
With 
a 10 J.LFbypass 
capacitor 
75 dB ripple 
re- 


jection 
is obtainable 
at 
any 
output 
level. 
Increases 
over 


20 J.LFdo 
not 
appreciably 
improve 
the 
ripple 
rejection 
at 


frequencies 
above 
120 Hz. If the bypass capacitor 
is used, it 


is sometimes 
necessary 
to include 
protection 
diodes 
to pre- 


vent the capacitor 
from discharging 
through 
internal 
low cur- 


rent paths 
and damaging 
the device. 


In general, 
the best type of capacitors 
to use are solid tanta- 


lum. Solid tantalum 
capacitors 
have low impedance 
even at 


high frequencies. 
Depending 
upon capacitor 
construction, 
it 


takes 
about 
25 J.LFin aluminum 
electroly1ic 
to equal 
1 J.LF 


solid tantalum 
at high frequencies. 
Ceramic 
capacitors 
are 


also good at high frequencies; 
but some types 
have a large 


decrease 
in capacitance 
at frequencies 
around 
0.5 
MHz. 


For this reason, 
0.01 J.LFdisc may seem to work better than 


a 0.1 J.LFdisc as a bypass. 


Although 
the LM138 
is stable 
with no output 
capacitors, 
like 


any feedback 
circuit, 
certain 
values 
of external 
capacitance 


can 
cause 
excessive 
ringing. 
This 
occurs 
with 
values 
be- 


tween 
500 pF and 5000 pF. A 1 J.LFsolid tantalum 
(or 25 J.LF 


aluminum 
electroly1ic) 
on the output 
swamps 
this effect 
and 


insures 
stability. 


Load 
RegulatIon 


The LM138 is capable 
of providing 
extremely 
good load reg- 


ulation 
but a few 
precautions 
are needed 
to obtain 
maxi- 


mum performance. 
The current 
set resistor 
connected 
be- 


tween 
the adjustment 
terminal 
and the output 
terminal 
(usu- 


ally 240.l1) should 
be tied directly 
to the output of the regula- 


tor 
(case) 
rather 
than 
near 
the 
load. 
This 
eliminates 
line 


drops from appearing 
effectively 
in series with the reference 


and degrading 
regulation. 
For example, 
a 15V regulator 
with 


0.05.l1 resistance 
between 
the regulator 
and load will have a 


load regulation 
due to line resistance 
of 0.05.l1 x IL. If the 


set 
resistor 
is connected 
near 
the 
load 
the 
effective 
line 


resistance 
will be 0.05.l1 (1 + R2/R1) 
or in this case, 
11.5 
times worse. 


Figure 2 shows 
the effect 
of resistance 
between 
the regula- 


tor and 240.l1 set resistor. 


LM338 


Your 


RI' 
120 


FIGURE 
2. Regulator 
with 
Line 
Resistance 
in Output 
Lead 


With the TO-3 package, 
it is easy to minimize 
the resistance 


from the case to the set resistor, 
by using 2 separate 
leads 


to the 
case. 
The 
ground 
of R2 can 
be returned 
near the 


ground 
of the load to provide 
remote 
ground 
sensing 
and 


improve 
load regulation. 


Protection 
Diodes 


When external 
capacitors 
are used with any IC regulator 
it is 


sometimes 
necessary 
to add 
protection 
diodes 
to prevent 


the capacitors 
from 
discharging 
through 
low current 
points 


into the regulator. 
Most 20 J.LFcapacitors 
have low enough 


internal 
series 
resistance 
to deliver 
20A spikes 
when 
short- 


ed. Although 
the surge 
is short, 
there 
is enough 
energy 
to 


damage 
parts of the IC. 


When 
an output 
capacitor 
is connected 
to a regulator 
and 


the input is shorted, 
the output 
capacitor 
will discharge 
into 


the output 
of the regulator. 
The discharge 
current 
depends 


on the value of the capacitor, 
the output voltage 
of the regu- 


lator, 
and the 
rate of decrease 
of VIN. In the 
LM138 
this 


discharge 
path 
is through 
a large 
junction 
that 
is able 
to 


sustain 
25A surge with no problem. 
This is not true of other 


types of positive 
regulators. 
For output capacitors 
of 100 J.LF 


or less at output 
of 15V or less, 
there 
is no need 
to use 


diodes. 


The bypass 
capacitor 
on the adjustment 
terminal 
can dis- 


charge 
through 
a low 
current 
junction. 
Discharge 
occurs 


when 
either 
the 
input 
or output 
is shorted. 
Internal 
to the 


LM138 
is a 50.l1 resistor 
which 
limits 
the 
peak 
discharge 


current. 
No protection 
is needed 
for output 
voltages 
of 25V 


or less and 
10 J.LFcapacitance. 
Figure 
3 shows 
an LM138 


with protection 
diodes 
included 
for use with outputs 
greater 


than 25V and high values 
of output 
capacitance. 


VOUT= 
'.25V(1 
+~) + IADJR2 


FIGURE 3. Regulator with Protection Diodes 


Regulator and Voltage Reference 


LM338 


VREF • 6.9SV 


01 
LM329 


Full output current not available 


at high input-output voltages 


tOptional-improves 
transient response. Output capacitors 
in the range of 
1 p,F to 1000 JLFof aluminum or tantalum electrolytic 
are commonly 
used 
to provide improved output impedance 
and rejection of transients. 


·Needed 
if device is more than 6 inches from filter capacitors. 


ttVOUT 
= , .25V ( , + ~) 
+ IADJ(R2) 


··R1 
= 2400 
for LM138. R1, R2 as an assembly 
can be ordered 
from 
Bourns: 


MIL part no. 7105A-AT2-502 


COMM part no. 7105A-AT7-502 


I 


Precision 
Power 
Regulator 
with 
Low Temperature 
Coefficient 


LM338 


High Stability 
10V Regulator 


LM338 


Adjustable 
Regulator 
with 
Improved 
Ripple 
Rejection 


LM338 


&2 
TO.1"F 


tSolid 
tantalum 


·Discharges 
C1 if output is shorted to ground 


··R1 
= 2400 for lM138 


Digitally 
Selected 
Outputs 


LM338 


+ 
C2 
22/lF 


'R1 
~ 24011, R2 ~ 
5k for LM1 38 


Full output current not available 


at high input-output voltages 
• 


Adjustable 
Current 
Regulator 


LM338 
Rl 
0.24 


SA Current 
Regulator 


LM338 


R6 
02 


+ 
R2 
15 


R5 
R3 
lk 
230 


Tracking 
Preregulator 


R2 
720 


Typical Applications 
(Continued) 


Adjusting 
Multiple 
On-Card 
Regulators 
with 
Single 
Control' 


tMinimum load-l0 
mA 


"All outputs within ± 100 mV 


INPUT 


AOJ 
LM338 


OUT 


AV ~ 
l,AF 
~ 
10k,CF 
~ 
100pF 


Av ~ 
10, AF ~ 
lOOk, CF ~ 
10 pF 


Bandwidth 
~ 100 kHz 


Distortion 
s 0.1 % 


Simple 
12V Battery 
Charger 


LM338 
AS' 
0.1 


-=-12V 
I 


'"As-sets 
output impedance 
of charger ZOUT = Rs ( 1 + ~) 


Use of As allows low charging rates with fully charged battery. 


··The 
1000 p.F is recommended 
to filter out input transients 
• 


·Set max charge current to 3A 


··The 
1000 I-LFis recommended 
to filter out input transients. 


f:)1National 
Semiconductor 


LM 140A/LM 140/LM340A/LM340/LM7800C 
Series 3-Terminal Positive Regulators 


General Description 
The LM140AlLM140/LM340AlLM340/LM7800C 
monolith- 


ic 3-terminal positive voltage regulators employ internal cur- 
rent-limiting, thermal shutdown and safe-area compensa- 
tion, making them essentially indestructible. If adequate 
heat sinking is provided, they can deliver over 1.0A output 
current. They are intended as fixed voltage regulators in a 
wide range of applications including local (on-card) regula- 
tion for elimination of noise and distribution problems asso- 
ciated with single-point regulation. In addition to use as fixed 
voltage regulators, these devices can be used with external 
components to obtain adjustable output voltages and cur- 
rents. 
Considerable effort was expended to make the entire series 
of regulators easy to use and minimize the number of exter- 
nal components. It is not necessary to bypass the output, 
although this does improve transient response. Input by- 
passing is needed only if the regulator is located far from 
the filter capacitor of the power supply. 
The 5V, 12V, and 15V regulator options are available in the 
steel TO-3 power package. The LM340AlLM340/LM7800C 
series is available in the TO-220 plastic power package. and 
the LM7805 and LM7812 are also available in the surface- 
mount TO-263 package. 


Features 
• 
Complete specifications at 1A load 
• 
Output voltage tolerances of ±2% 
at Tj = 25°C and 
±4% over the temperature range (LM140AlLM340A) 


• 
Line regulation of 0.01% of VOUTIV of AVIN at 1A load 
(LM140AlLM340A) 
• 
Load regulation of 0.3% of VOUT/A (LM140AlLM340A) 


• 
Internal thermal overload protection 


• 
Internal short-circuit current limit 
• 
Output transistor safe area protection 
• 
P+ Product Enhancement tested 


Device 
Output 
Voltages 
Packages 


LM140AlLM140 5,12,15 
TO-3(K) 


LM340AlLM340 5,12,15 
TO-3 (K),TO-220 (T) 


LM7800C 
5,6,8,12,15, 
TO-220 (T), TO-263 (5) 


18,24 
(5Vand 12V only) 


TLIH/7781-1 


• Required 
if the regulator 
is located 
far from the 


power 
supply 
filter . 


•• Although 
no output capacitor 
is needed 
for St8· 


bility, it does 
help transient 
response. 
(If need- 


ed, use 0.1 
J.LF, ceramic 
disc). 


--- 
lOUT 


TL/H/7781-3 


TL/H/7781-2 


VOUT ~ 5V + (5V/R1 + 10) R2 5V/R1 
> 3 la, 


load regulation 
(Lr) '" 
[(Rl 
+ R2)/R1} 
(Lr of 
LM340-5). 


V2-3 
IOUT~ R1+ 10 


.6.10 = 1.3 mA over line and load changes. • 


Absolute Maximum Ratings 
(Note 1) 
Operating Conditions 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Temperature 
Range 
(TA) (Note 2) 


please 
contact 
the 
National 
Semiconductor 
Sales 
LM140A, 
LM140 
-55·C 
to + 125·C 


Office/Distributors 
for 
availability 
and 
specifications. 
LM340A, 
LM340, 
LM7805C, 


(Note 
5) 
LM7812C, 
LM7815C 
O·Cto 
+70·C 


DC Input Voltage 
LM7806C, 
LM7808C, 
LM7818C, 


All Devices 
except 
LM7824/LM7824C 
35V 
LM7824C 
O·C to + 125·C 


LM78241 LM7824C 
40V 


Internal 
Power Dissipation 
(Note 2) 
Internally 
Limited 


Maximum 
Junction 
Temperature 
150·C 


Storage 
Temperature 
Range 
- 65·C to + 150·C 


Lead Temperature 
(Soldering, 
10 sec.) 
TO-3 Package 
(K) 
300·C 


TO-220 
Package 
(T), TO-263 
Package 
(S) 
230·C 


ESD Susceptibility 
(Note 3) 
2kV 


LM 140A/LM340A 


Electrical Characteristics 
lOUT = 1A, -55·C 
,;; TJ ,;; + 150·C (LM140A), 
or o·c 
,;; TJ ,;; + 
125·C (LM340A) 
unless 
otherwise 
specified 
(Note 
4) 


Output 
Voltage 
5V 
12V 
15V 


Symbol 
Input 
Voltage 
(unless 
otherwise 
noted) 
10V 
19V 
23V 
Units 


Parameter 
Conditions 
Min I Typ I Max 
Mln I Typ I Max 
Min 1Typ 1Max 


Vo 
Output Voltage 
TJ = 25·C 
4.9 
5 
5.1 
11.75 
12 
12.25 
14.7 
15 
15.3 
V 


PD';; 
15W,5mA,;; 
10';; 
1A 
4.8 
5.2 
11.5 
12.5 
14.4 
15.6 
V 
VMIN ,;; VIN ,;; VMAX 
(7.5';; 
VIN ,;; 20) 
(14.8';; 
VIN ,;; 27) 
(17.9 
,;; VIN ,;; 30) 
V 


l;.Vo 
Line Regulation 
10 = 500mA 
10 
18 
22 
mV 
l;.VIN 
(7.5 ,;; VIN ,;; 20) 
(14.8 ,;; VIN ,;; 27) 
(17.9 
,;; VIN ,;; 30) 
V 


TJ = 25·C 
3 
10 
4 
18 
4 
22 
mV 
l;.VIN 
(7.5 ,;; VIN ,;; 20) 
(14.5';; 
VIN ,;; 27) 
(17.5 
,;; VIN ,;; 30) 
V 


TJ = 25·C 
4 
9 
10 
mV 
Over Temperature 
12 
30 
30 
mV 
l;.VIN 
(8';; 
VIN';; 
12) 
(16';; 
VIN ,;; 22) 
(20 ,;; VIN ,;; 26) 
V 


l;.Vo 
Load Regulation 
TJ = 25.cl~ 
mA,;; 
10';; 
1.5A 
10 
25 
12 
32 
12 
35 
mV 
250 mA ,;; 10 ,;; 750 mA 
15 
19 
21 
mV 


Over Temperature, 
25 
60 
75 
mV 
5 mA,;; 
10';; 
1A 


10 
Quiescent 
Current 
TJ = 25·C 
6 
6 
6 
mA 
Over Temperature 
6.5 
, 
6.5 
6.5 
mA 


l;.lo 
Quiescent 
Current 
5mA';; 
10';; 
1A 
0.5 
0.5 
0.5 
mA 
Change 
TJ = 25·C.10 = 1A 
0.8 
0.8 
0.8 
mA 
VMIN ,;; VIN ,;; VMAX 
(7.5 ,;; VIN ,;; 20) 
(14.8';; 
VIN ,;; 27) 
(17.9';; 
VIN ,;; 30) 
V 


10 = 500mA 
0.8 
0.8 
0.8 
mA 
VMIN ,;; VIN ,;; VMAX 
(8';; 
VIN';; 
25) 
(15';; 
VIN ,;; 30) 
(17.9 ,;; VIN ,;; 30) 
V 


VN 
Output 
Noise Voltage 
TA = 25·C, 10Hz 
,;; f ,;; 100 kHz 
40 
75 
90 
/-,V 


l;.VIN 
Ripple 
Rejection 
TJ = 25·C, f = 120 Hz, 10 = 1A 
68 
80 
61 
72 
60 
70 
dB 


l;.VOUT 
orf = 120 Hz, 10 = 500 mA, 
68 
61 
60 
dB 
Over Temperature, 
VMIN ,;; VIN ,;; VMAX 
(8 ,;; VIN ,;; 18) 
(15 ,;; VIN ,;; 25) 
(18.5 ,;; VIN ,;; 28.5) 
V 


Ro 
Dropout 
Voltage 
TJ = 25·C, 10 = 1A 
2.0 
2.0 
2.0 
V 
Output 
Resistance 
f = 1 kHz 
8 
18 
19 
m!l 
Short-Circuit 
Current 
TJ = 25·C 
2.1 
1.5 
1.2 
A 
Peak Output Current 
TJ = 25·C 
2.4 
2.4 
2.4 
A 
Average 
TC of Vo 
Min, TJ = O·C, 10 = 5 mA 
-0.6 
-1.5 
-1.8 
mVrC 


VIN 
Input Voltage 
TJ = 25·C 
Required 
to Maintain 
7.5 
14.5 
17.5 
V 
Line Regulation 


_.""~... ~_. ~.._._~.V'.......~...\1'4V~v •.•.' 
,J,J 
v..:::. 
'J ~ 
,,JV 
VU,"v.;;J.;;JVUlv'VV,~v~",v"""lvV 


Output Voltage 
5V 
12V 
15V 


Symbol 
Input Voltage (unless otherwise noted) 
10V 
19V 
23V 
Units 


Parameter 
Conditions 
Min I Typ I Max 
Mln I Typ I Max 
Mln I 
Typ 
I Max 


Vo 
Output Voltage 
TJ = 25·C, 5 mA ,;; 10 ,;; 1A 
4.8 
5 
5.2 
11.5 
12 
12.5 
14.4 
15 
15.6 
V 


Po';; 
15W, 5 mA,;; 
10';; 1A 
4.75 
5.25 
11.4 
12.6 
14.25 
15.75 
V 


VMIN ,;; VIN ,;; VMAX 
(8';; 
VIN ,;; 20) 
(15.5 ,;; VIN ,;; 27) 
(18.5 ,;; VIN ,;; 30) 
V 


I1Vo 
Line Regulation 
10 =.500mA 
TJ = 25·C 
3 
50 
4 
120 
4 
150 
mV 
I1VIN 
(7';; 
VIN ,;; 25) 
(14.5 ,;; VIN ,;; 30) 
(17.5 ,;; VIN ,;; 30) 
V 


-55·C';; 
TJ';; 
+150·C 
50 
120 
150 
mV 
I1VIN 
(8';; 
VIN ,;; 20) 
(15';; 
VIN ,;; 27) 
(18.5 ,;; VIN ,;; 30) 
V 


10';; 1A 
TJ ~ 25·C 
50 
120 
150 
mV 


I1VIN 
(7.5 ,;; VIN ,;; 20) 
(14.6';; 
VIN ,;; 27) 
(17.7';; 
VIN ,;; 30) 
V 


-55·C 
,;; TJ ,;; + 150·C 
25 
60 
75 
mV 


I1VIN 
(8';; 
VIN';; 12) 
(16';; 
VIN ,;; 22) 
(20 ,;; VIN ,;; 26) 
V 


I1Vo 
Load Regulation 
TJ = 25·C 
5 mA ,;; 10 ,;; 1.5A 
10 
50 
12 
120 
12 
150 
mV 


250 mA ,;; Ip ,;; 750 mA 
25 
60 
75 
mV 


-55·C';; 
TJ';; 
+ 150·C, 
50 
120 
150 
mV 
5 mA,;; 
10';; 1A 
- 


10 
Quiescent Current 
10';; 1A 
TJ = 25·C 
6 
6 
6 
mA 
-55·C 
,;; TJ ,;; + 150·C 
7 
7 
7 
mA 


1110 
Quiescent Current 
5 mA,;; 
10';; 1A 
0.5 
0.5 
0.5 
mA 
Change 
TJ = 25·C,10 ,;; 1A 
0.8 
0.8 
0.8 
mA 


VMIN ,;; VIN ,;; VMAX 
(8';; 
VIN ,;; 20) 
(15';; 
VIN ,;; 27) 
(18.5';; 
VIN ,;; 30) 
V 


10 = 500 mA, -55·C 
,;; TJ ,;; + 150·C 
0.8 
0.8 
0.8 
mA 


VMIN ,;; VIN ,;; VMAX 
(8';; 
VIN ,;; 25) 
(15';; 
VIN ,;; 30) 
(18.5 ,;; VIN ,;; 30) 
V 


VN 
Output Noise Voltage TA ~ 25·C, 10 Hz,;; I,;; 
100 kHz 
40 
75 
90 
)J-V 


I1VIN 
Ripple Rejection 
fO 
,;; 1A, TJ = 25·C or 
68 
80 
61 
72 
60 
70 
dB 


I1VOUT 
1=120Hz 
10';; 500mA, 
68 
61 
60 
dB 


-55·C 
,;; TJ ,;; + 150·C 
VMIN ,;; VIN ,;; VMAX 
(8';; 
VIN';; 
18) 
(15';; 
VIN ,;; 25) 
(18.5 ,;; VIN ,;; 28.5) 
V 


Ro 
Dropout Voltage 
TJ = 25·C, 10 = 1A 
2.0 
2.0 
2.0 
V 
Output Resistance 
1 = 1 kHz 
8 
18 
19 
mil 


Short-Circuit Current 
TJ = 25·C 
2.1 
1.5 
1.2 
A 


Peak Output Current 
TJ = 25·C 
2.4 
2.4 
2.4 
A 
Average TC 01VOUT O·C,;;TJ';; 
+150·C,10=5mA 
-0.6 
-1.5 
-1.8 
mvrc 


VIN 
Input Voltage 
TJ ~ 25·C, 10 ,;; 1A 


Required to Maintain 
7.5 
14.6 
17.7 
V 


Line Regulation 


.- 


, 


! 


• 


LM340/LM7800C 


Electrical Characteristics 
(Note 4) O'C ,;; TJ ,;; + 125'C 
unless otherwise 
specified 


Output Voltage 
5V 
12V 
15V 


Symbol 
Input Voltage (unless otherwise noted) 
10V 
19V 
23V 
Units 


Parameter 
Conditions 
Mln I Typ I Max 
Min I Typ I Max 
Min 
I 
Typ 
I 
Max 


Vo 
Output Voltage 
TJ = 25'C,5mA';; 
10'; 
1A 
4.8 
5 
5.2 
11.5 
12 
12.5 
14.4 
15 
15.6 
V 


Po'; 
15W, 5 mA,; 
10'; 
1A 
4.75 
5.25 
11.4 
12.6 
14.25 
15.75 
V 


VMIN ,; VIN ,; VMAX 
(7.5 ,; VIN ,;; 20) 
(14.5 ,; VIN ,; 27) 
(17.5 ,; VIN ,; 30) 
V 


l>Vo 
Line Regulation 
10 = 500mA 
TJ = 25'C 
3 
50 
4 
120 
4 
150 
mV 
l>VIN 
(7'; 
VIN ,; 25) 
(14.5 ,; VIN ,;; 30) 
(17.5 ,; VIN ,;; 30) 
V 


O'C'; 
TJ'; 
+125'C 
50 
120 
150 
mV 


l>VIN 
(8'; 
VIN ,; 20) 
(15'; 
VIN ,; 27) 
(18.5 ,;; VIN ,;; 30) 
V 


10'; 
1A 
TJ = 25'C 
50 
120 
150 
mV 


l>VIN 
(7.5 ,; VIN ,; 20) 
(14.6 ,; VIN ,; 27) 
(17.7'; 
VIN ,; 30) 
V 


O'C'; 
TJ'; 
+125'C 
25 
60 
75 
mV 
l>VIN 
(8'; 
VIN'; 
12) 
(16'; 
VIN ,; 22) 
(20 ,; VIN ,; 26) 
V 


l>Vo 
Load Regulation 
TJ = 25'C 
5 mA,; 
10'; 
1.5A 
10 
50 
12 
120 
12 
150 
mV 


250 mA ,; 10 ,; 750 mA 
25 
60 
75 
mV 


5 mA ,; 10'; 
1A, O'C ,; TJ ,; + 125'C 
50 
120 
150 
mV 


IQ 
Quiescent Current 
10'; 
1A 
TJ = 25'C 
8 
8 
8 
mA 


O'C'; 
TJ'; 
+125'C 
8.5 
8.5 
8.5 
mA 


l>IQ 
Quiescent Current 
5mA'; 
10'; 
1A 
0.5 
0.5 
0.5 
mA 
Change 
TJ = 25'C, 10 ,; 1A 
1.0 
1.0 
1.0 
mA 
VMIN ,; VIN ,; VMAX 
(7.5 ,; VIN ,; 20) 
(14.8 ,; VIN ,; 27) 
(17.9'; 
VIN ,; 30) 
V 


10'; 
500 mA, O'C ,; TJ ,; + 125'C 
1.0 
1.0 
1.0 
mA 
VMIN ,; VIN ,; VMAX 
(7'; 
VIN ,; 25) 
(14.5 ,; VIN ,; 30) 
(17.5 ,; VIN ,; 30) 
V 


VN 
Output Noise Voltage TA = 25'C,10Hz'; 
I,; 
100kHz 
40 
75 
90 
).LV 


l>VIN 
Ripple Rejection 
f0'; 
1A, TJ = 25'C 
62 
80 
55 
72 
54 
70 
dB 


l>VOUT 
1 = 120Hz 
or '0 ,; 500 mA, 
62 
55 
54 
dB 
O'C ,; TJ ,; + 125'C 
VMIN ,; VIN ,; VMAX 
(8'; 
VIN ,; 18) 
(15'; 
VIN ,; 25) 
(18.5 ,; VIN ,; 28.5) 
V 


Ro 
Dropout Voltage 
TJ = 25'C, 10 = 1A 
2.0 
2.0 
2.0 
V 
Output Resistance 
1 = 1 kHz 
8 
18 
19 
mn 
Short-Circuit Current 
TJ ~ 25'C 
2.1 
1.5 
1.2 
A 
Peak Output Current 
TJ = 25'C 
2.4 
2.4 
2.4 
A 
Average TC 01VOUT O'C,;TJ'; 
+125'C,10=5mA 
-0.6 
-1.5 
-1.8 
mV/'C 


VIN 
Input Voltage 
TJ = 25'C,10'; 
1A 


Required to Maintain 
7.5 
14.6 
17.7 
V 


Line Regulation 


Note 
1: Absolute Maximum Ratings are limits beyond which damage to the device may occur. Operating Conditions are conditions under which the device 
functions but the specifications might not be guaranteed. For guaranteed specifications and test conditions see the Electrical Characteristics. 
Note 2: The maximum allowable power dissipation at any ambient temperature is a function of the maximum junction temperature for operation (TJMAX = 125°C or 
150"C), the junction-Io-ambient thermal resistance (8JA), and the ambient temperature (TA). POMAX= (TJMAX - 
TA)/8 JA If this dissipation is exceeded, the die 
temperature will rise above TJMAXand the electrical specifications do not apply. If the die temperature rises above 150"C, the device will go into thermal shutdown. 
For the TO-3 package (K, KC), the junction-to-ambient thermal resistance (8JA) is 39°C/W. 
When using a heatsink, 8JA is the sum of the 4°C/W junction-to-case 
thermal resistance (8Je) of the TO-3 package and the case-to-ambient thermal resistance of the heatsink. For the TO-220 package (T), 8JA is 54°C/Wand 
8JC is 


4·C/W. 


If the TO-263 package is used, the thermal resistance can be reduced by increasing the PC board copper area thermally connected to the package: Using 0.5 
square inches of copper area, 8JA is 50"C/W; with 1 square inch of copper area, (JJAis 3rG/W; 
and with 1.6 or more inches of copper area, 8JA is 3Z'C/W. 


Note 3: ESO rating is based on the human body model, 100 pF discharged through 1.5 kfi. 


Note 4: All characteristics are measured with a 0.22 J.l.F capacitor from input to ground and a 0.1 J.l.F capacitor from output to ground. All characteristics except 
noise voltage and ripple rejection ratio are measured using pulse techniques (tw 
::5:: 10 ms, duty cycle 
::5:: 5%). Output voltage changes due to changes in internal 
temperature must be taken into account separately. 


Note 5: A military RETS specification is available on request. At the time of printing, the military RETS specifications for the LM140AK-5.0/883, 
LM140AK-12/883, 


and LM140AK-15/883 
complied with the min and max limits for the respective versions of the LM140A. At the time of printing, the military RETS specifications for 


the LM140K-5.0/883,LM140K-12/883,and LM140K-151883compliedwiththe minand max limitsfor the respectiveversions01 the LM140.The LM140H1883. 
LM140K/883, 
and LM140AK/883 
may also be procured as a Standard Military Drawing. 


LM7806C 
Electrical Characteristics 
DoC S; TJ S; + 150°C, VI = 11V, 10 = 500 mA, CI = 0.33 /LF, Co = 0.1 /LF, unless 
otherwise 
specified 


Symbol 
Parameter 
Conditions 
(Note 4) 
Mln 
Typ 
Max 
Units 


Vo 
Output Voltage 
TJ ~ 25'C 
5.75 
6.0 
6.25 
V 


6.Vo 
Line Regulation 
TJ = 25'C 
B.OV ,;; VI ,;; 25V 
5.0 
120 
mV 
9.0V ,;; VI';; 
13V 
1.5 
60 


6.Vo 
Load Regulation 
TJ = 25°C 
5.0 mA,;; 
10';; 1.5A 
14 
120 
mV 


250 mA ,;; 10 ,;; 750 mA 
4.0 
60 


Vo 
Output Voltage 
B.OV';; VI ,;; 21V, 5.0 mA ,;; 10';; 1.0A, P ,;; 15W 
5.7 
6.3 
V 


10 
Quiescent Current 
TJ ~ 25°C 
4.3 
B.O 
mA 


6.10 
Quiescent Current I With Line 
B.OV ,;; VI ,;; 25V 
, 
1.3 


I With Load 


mA 
Change 
5.0 mA ,;; 10';; 1.0A 
0.5 


VN 
Noise 
TA ~ 25°C, 10Hz,;; 
f ,;; 100 kHz 
45 
/LV 


6.VI/6.Vo 
Ripple Rejection 
f = 120 HZ,lo = 350 mA, TJ = 25°C 
59 
75 
dB 


Voo 
Dropout Voltage 
10 = 1.0A, TJ = 25'C 
2.0 
V 


RO 
Output Resistance 
f = 1.0 kHz 
9 
mn 


los 
Output Short Circuit Current 
TJ ~ 25'C, VI = 35V 
) 
550 
mA 


IpK 
Peak Output Current 
TJ = 25'C 
2.2 
A 


6.Vo/6.T 
Average Temperature 
10 = 5.0 mA, O°C ,;; TA ,;; + 125°C 
O.B 
mvrc 
Coefficient of Output Voltage 
. 


LM7808C 
Electrical Characteristics 
DoC s; TJ ,;; + 150°C, VI = 14V, 10 = 500 mA, CI = 0.33 /LF, Co = 0.1 /LF, unless 
otherwise 
specified 


LM7808C 
Symbol 
Parameter 
Conditions 
(Note 4) 
Units 


Mln 
Typ 
Max 


Vo 
Output Voltage 
TJ ~ 25°C 
7.7 
B.O 
B.3 
V 


6.Vo 
Line Regulation 
TJ ~ 25°C 
10.5V ,;; VI ,;; 25V 
6.0 
160 


mV 


11.0V ,;; VI ,;; 17V 
2.0 
BO 


6.Vo 
Load Regulation 
TJ = 25°C 
5.0 mA,;; 
10';; 1.5A 
12 
160 


mV 


250 mA ,;; 10 ,;; 750 mA 
4.0 
BO 


Vo 
Output Voltage 
11.5V';; 
VI ,;; 23V, 5.0 mA,;; 
10';; 1.0A, P';; 15W 
7.6 
B.4 
V 


10 
Quiescent Current 
TJ = 25°C 
4.3 
B.O 
mA 


6.10 
Quiescent 
I With Line 
11.5V';; 
VI';; 25V 
1.0 
Current Change 
I With Load 


mA 
5.0 mA,;; 
10';; 1.0A 
0.5 


VN 
Noise 
TA = 25°C, 10 Hz,;; f,;; 
100 kHz 
52 
/LV 


6.VI/6.Vo 
Ripple Rejection 
f = 120 Hz, 10 = 350 mA, TJ ~ 25'C 
56 
72 
dB 


VDO 
Dropout Voltage 
10 = 1.0A, TJ = 25'C 
2.0 
V 


Ro 
Output Resistance 
f = 1.0 kHz 
16 
mn 


los 
Output Short Circuit Current 
TJ = 25°C, VI = 35V 
0.45 
A 


IpK 
Peak Output Current 
TJ = 25'C 
2.2 
A 


6.Vo/6.T 
Average Temperature 
10 ~ 5.0mA 
O.B 
mvrc 
Coefficient of Output Voltage 


Note 4: All characteristics 
are measured with a 0.22 p.F capacitor 
from input to ground and a 0.1 ILF capacitor from output to ground. All characteristics 
except 


noise voltage and ripple rejection ratio are measured using pulse techniques 
(tw s 10 ms, duty cycle :s; 5%). Output voltage changes due to changes 
in internal 


temperature 
must be taken into account separately. 


• 


LM7818C 
Electrical Characteristics 
o'c :5: TJ :5: +150'C, 
VI = 27V, 10 = 500 mA, CI = 0.33 ",F, Co = 0.1 ",F, unless 
otherwise 
specified 


LM7818C 
Symbol 
Parameter 
Conditions (Note 4) 
Units 
Mln 
Typ 
Max 


Vo 
Output Voltage 
TJ ~ 25'C 
17.3 
18.0 
18.7 
V 


I:>Vo 
Line Regulation 
TJ = 25'C 
21V:5: VI :5:33V 
15 
360 
mV 


24V:5: VI:5: 30V 
5.0 
180 


I:>Vo 
Load Regulation 
TJ = 25'C 
5.0 mA:5: 10 :5:1.5A 
12 
360 


mV 


250 mA ,;; 10 :5:750 mA 
4.0 
180 


Vo 
Output Voltage 
22V:5: VI :5:33V, 5.0 mA :5:10 :5:LOA, P :5:15W 
17.1 
18.9 
V 


10 
Quiescent Current 
TJ = 25'C 
4.5 
8.0 
mA 


1:>10 
Quiescent 
I 
With Line 
22V:5: VI :5:33V 
1.0 


Current Change 
I With Load 


mA 


5.0 mA :5:10 :5:1.0A 
0.5 


VN 
Noise 
TA = 25'C, 10 HZ:5: f:5: 100 kHz 
110 
JJ-V 


I:>VIlt.VO 
Ripple Rejection 
f = 120 Hz, 10 = 350 mA, TJ = 25'C 
53 
69 
dB 


Voo 
Dropout Voltage 
10 = 1.0A, TJ = 25'C 
2.0 
V 


Ro 
Output Resistance 
f = 1.0 kHz 
22 
m!l 


los 
Output Short Circuit Current 
TJ ~ 25'C, VI = 35V 
0.20 
A 


IpK 
Peak Output Current 
TJ = 25'C 
2.1 
A 


I:>Voll:>T 
Average Temperature 
10 = 5.0mA 
1.0 
mV/'C 
Coefficient of Output Voltage 


LM7824C 
Electrical Characteristics 
o'c :5: TJ :5: + 150'C, 
VI = 33V, 10 = 500 mA, CI = 0.33 ",F, Co = 0.1 ",F, unless 
otherwise 
specified 


Symbol 
Parameter 
Conditions (Note 4) 
LM7824C 
Units 
Mln 
Typ 
Max 


Vo 
Output Voltage 
TJ = 25'C 
23.0 
24.0 
25.0 
V 


I:>Vo 
Line Regulation 
TJ = 25'C 
27V:5: VI:5: 38V 
18 
480 
mV 


30V:5: VI :5:36V 
6.0 
240 


I:>Vo 
Load Regulation 
TJ = 25'C 
5.0 mA :5:10 :5:1.5A 
12 
480 


mV 


250 mA :5:10 :5:750 mA 
4.0 
240 


Vo 
Output Voltage 
28V:5: VI :5:38V, 5.0 mA:5: 10:5: 1.0A, P:5: 15W 
22.8 
25.2 
V 


10 
Quiescent Current 
TJ = 25'C 
4.6 
8.0 
mA 


1:>10 
Quiescent 
I With Line 
28V:5: VI :5:38V 
1.0 


Current Change 
I With Load 


mA 


5.0 mA :5:10 :5:LOA 
0.5 


VN 
Noise 
TA = 25'C, 10 HZ:5: f:5: 100 kHz 
170 
",V 


I:>VI/I:>Vo 
Ripple Rejection 
f = 120 HZ,lo 
= 350 mA, TJ = 25'C 
50 
66 
dB 


Voo 
Dropout Voltage 
10 = 1.0A, TJ = 25'C 
2.0 
V 


Ro 
Output Resistance 
f = 1.0 kHz 
28 
m!l 


los 
Output Short Circuit Current 
TJ = 25'C, VI ~ 35V 
0.15 
A 


IpK 
Peak Output Current 
TJ = 25'C 
2.1 
A 


I:>Voll:>T 
Average Temperature 
10 = 5.0mA 
1.5 
mV/'C 
Coefficient of Output Voltage 


Note 
4: All characterisUcs 
are measured 
with a 0.22 
ILF capacitor 
from input to ground and a 0.1 ILF capacitor 
from output to ground. All characteristics 
except 
noise voltage 
and ripple rejection 
ratio afe measured 
using pulse techniques 
(tw ::!O:10 ms, duty cycle 
s; 5%). 
Output 
voltage 
changes 
due to changes 
in internal 


temperature 
must be taken 
into account 
separately. 
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Application 
Hints 


The LM340/LM78XX series is designed with thermal pro- 
tection, output short-circuit protection and output transistor 
safe area protection. However, as with any Ie regulator, it 
becomes necessary to take precautions to assure that the 
regulator is not inadvertently damaged. The following de- 
scribes possible misapplications and methods to prevent 
damage to the regulator. 


Shorting 
the Regulator 
Input: When using large capaci- 
tors at the output of these regulators, a protection diode 
connected input to output (Figure 
1) may be required if the 
input is shorted to ground. Without the protection diode, an 
input short will cause the input to rapidly approach ground 
potential, while the output remains near the initial Your be- 
cause of the stored charge in the large output capacitor. 
The capacitor will then discharge through a large internal 
input to output diode and parasitic transistors. If the energy 
released by the capacitor is large enough, this diode, low 
current metal and the regulator will be destroyed. The fast 
diode in Figure 
1will shunt most of the capacitors discharge 


current around the regulator. Generally no protection diode 
is required for values of output capacitance ,;; 10 }J-F. 


I''"' 


Raising the Output 
Voltage above the Input Voltage: 


Since the output of the device does not sink current, forcing 
the output high can cause damage to internal low current 
paths in a manner similar to that just described in the 
"Shorting the Regulator Input" section. 


Regulator Floating Ground (Figure 2;' When the ground 
pin alone becomes disconnected, the output approaches 
the unregulated input, causing possible damage to other cir- 
cuits connected to Your. If ground is reconnected with pow- 
er "ON", damage may also occur to the regulator. This fault 
is most likely to occur when plugging in regulators or mod- 
ules with on card regulators into powered up sockets. Power 
should be turned off first, thermal limit ceases operating, or 
ground should be connected first if power must be left on. 
Transient Voltages: If transients exceed the maximum rat- 
ed input voltage of the device, or reach more than O.8V 
below ground and have sufficient energy, they will damage 
the regulator. The solution is to use a large input capacitor, 
a series input breakdown diode, a choke, a transient sup- 
pressor or a combination of these. 


T 
{ 
T 


TL/H/7781-9 


FIGURE 2. Regulator Floating Ground 


II 
-L. 
~ II.1. 
III 


TL/H/7781-13 


Note 1: Bypass capacitors 
are recommended 
for optimum stability and tran· 
siant response, 
and should be located 
as close as possible 
to the regulator. 


Jj(Q1)" 
10 Max 


IREG 
Max 


R1 ~ ~ 
~ 
Jj(Q1) VBE{Q1) 


IREG 
IREG Max (Jl + 1) - 
10 Max 


Rsc ~ 0.8 
Isc 


Rl 
~ 
JjVBE(Q1) 
IREG Max (Jl + 1) - 
10 Max 
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Bottom View 


Steel Package Order Numbers: 


LM140K-5.0 
LM140K-12 
LM140K-15 


LM340AK-5.0 
LM340K-12 
LM340K-15 


LM340K-5.0 
See Package Number K02A 


LM140AK-5.0/883 LM140AK-12/883 LM140AK-15/883 
LM140K-5.0/883 
LM140K-12/883 
LM140K-15/883 


SeePackage Number K02C 


Top View 


Plastic PackageOrder Numbers: 


LM340AT-5.0 LM340T-5.0 
LM340AT-12 
LM340T-12 
LM340AT-15 
LM340T-15 
LM7805CT 
LM7812CT 
LM7815CT 
LM7806CT 
LM7808CT 
LM7818CT 
LM7824CT 
See Package Number T03B 


TO·263Surface-Mount Package(S) 
a 


OUTPUT 


TAB 
IS 


GND 
GND 


INPUT 


Top View 


Metal Can Order Numberst: 


LM140H-5.0/883 
LM140H-6.0/883 


LM140H-8.0/883 
LM140H·12/883 


LM140H-15/883 
LM140H-24/883 


See Package Number H03A 


Side View 


Surface-Mount Package Order Numbers: 


LM7805S 
LM7812S 
SeePackage Number TS3B 


tThe specifications for the LM140H/883devices are not contained In this datasheet. If specifications for these devices 
are required, contact the National Semiconductor Sales Office/Distributors. 


• 


•... 
••••i 
LM 140L/LM340L 
Series 3-Terminal Positive Regulators 
..J 


General Description 


The 
LM140L 
series 
of three 
terminal 
positive 
regulators 
is 


available 
with 
several 
fixed 
output 
voltages 
making 
them 


useful 
in a wide 
range 
of applications. 
The LM140LA 
is an 


improved 
version 
of the LM78LXX 
series 
with a tighter 
out- 


put voltage 
tolerance 
(specified 
over the full military temper- 


ature 
range), 
higher 
ripple 
rejection, 
better 
regulation 
and 


lower 
quiescent 
current. 
The 
LM140LA 
regulators 
have 


±2% 
VOUT 
specification, 
0.04%/V 
line 
regulation, 
and 


0.01 %/mA 
load regulation. 
When used as a zener diode/re- 


sistor 
combination 
replacement, 
the 
LM140LA 
usually 
re- 


sults in an effective 
output 
impedance 
improvement 
of two 


orders 
of 
magnitude, 
and 
lower 
quiescent 
current. 
These 


regulators 
can provide 
local on card regulation, 
eliminating 


the distribution 
problems 
associated 
with single 
point regu- 


lation. The voltages 
available 
allow the LM 140LA to be used 


in logic systems, 
instrumentation, 
Hi-Fi, and other solid state 


electronic 
equipment. 
Although 
designed 
primarily 
as fixed 


voltage 
regulators, 
these 
devices 
can be used with ex1ernal 


components 
to obtain 
adjustable 
voltages 
and currents. 


The 
LM140LA/LM340LA 
are 
available 
in the 
low 
profile 


metal three 
lead TO-39 
(H) and the LM340LA 
are also avail- 


able in the plastic 
TO-92 
(Z). With adequate 
heat sinking the 


regulator 
can deliver 
100 mA output 
current. 
Current 
limiting 


is included 
to limit the peak output 
current 
to a safe value. 


Safe area protection 
for the output 
transistor 
is provided 
to 


limit internal 
power 
dissipation. 
If internal 
power 
dissipation 


becomes 
too high for the heat sinking 
provided, 
the thermal 


shut-down 
circuit 
takes 
over, 
preventing 
the 
IC from 
over- 


heating. 


For applications 
requiring 
other voltages, 
see LM117L 
Data 


Sheet. 


Features 


• 
Line regulation 
of 0.04%/V 


• 
Load regulation 
of 0.01 %/mA 


• 
Output 
voltage 
tolerances 
of 
±2% 
at Tj = 25°C and 
±4% 
over the temperature 
range 
(LM140LA) 
±3% 
over the temperature 
range 
(LM340LA) 


• 
Output 
current 
of 100 mA 


• 
Internal 
thermal 
overload 
protection 


• 
Output 
transistor 
safe area protection 


• 
Internal 
short 
circuit 
current 
limit 


• 
Available 
in 
metal 
TO-39 
low 
profile 
package 


(LM140LA/LM340LA) 
and plastic 
TO-92 
(LM340LA) 


Output Voltage Options 


LM140LA-5.0 
5V 
LM340LA-5.0 
5V 


LM140LA-12 
12V 
LM340LA-12 
12V 


LM140LA-15 
15V 
LM340LA-15 
15V 


TO-39 
Metal Can Package 
(H) 


OUTPUT 


Bottom 
View 


Order 
Number 
LM140LAH-5.0, 
LM140LAH-5.0/883, 
LM140LAH-12, 


LM140LAH-12/883, 
LM140LAH-15, 
LM140LAH-15/883, 
LM340LAH-5.0, 
LM340LAH-12 
or LM340LAH·15 


See NS Package 
Number 
H03A 


Bottom 
View 


Order 
Number 
LM340LAZ·5.0, 
LM340LAZ·12 
or LM340LAZ-15 
See NS Package 
Number 
Z03A 


1-106 


Absolute 
Maximum Ratings 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Operating 
Temperature 
Range 
please 
contact 
the 
National 
Semiconductor 
Sales 
LM140LA 
- 55'C to + 125'C 
Office/Distributors 
for 
availability 
and specifications. 
LM340LA 
O'Cto 
+70'C 
(Note 
4) 
Maximum 
Junction 
Temperature 
+ 150'C 
Input Voltage 
35V 
Storage 
Temperature 
Range 
Internal 
Power Dissipation 
(Note 1) 
Internally 
Limited 
Metal Can (H package) 
- 65'C to + 150'C 


Molded 
TO-92 
- 55'C to + 150'C 


Lead Temperature 
(Soldering, 
10 sec.) 
Metal Can 
+300'C 


Plastic TO-92 
+ 230'C 
Electrical Characteristics 
Test conditions 
unless otherwise 
specified. 
TA = 
-55'C 
to + 125'C 
(LM140LA), 
TA = O'C to + 70'C 
(LM340LA), 
10 = 40 mA, 


CIN = 
0.33 J.LF,Co 
= 
0.01 J.LF. 


Output 
Voltage 
Option 
5.0V 
12V 
15V 


Input 
Voltage 
(unless 
otherwise 
noted) 
10V 
19V 
23V 
Units 


Symbol 
Parameter 
Conditions 
Min I Typ I Max 
Min I Typ I Max 
Min I Typ I Max 


Vo 
Output 
Voltage 
Tj = 25'C 
4.9 
5 
5.1 
11.75 
12 
12.25 
14.7 
15 
15.3 


Output 
Voltage 
LM140LA 
10 = 
1 - 
100mA 
4.8 
5.2 
11.5 
12.5 
14.4 
15.6 


Over Temp. 
(7.2-20) 
(14.5-27) 
(17.6-30) 
(Note 3) 
V 


LM340LA 
10 = 
1 - 
100 mA or 
4.85 
5.15 
11.65 
12.35 
14.55 
15.45 


10 = 
1 - 
40 mA and 


VIN = ()V 
(7-20) 
(14.3-27) 
(17.5-30) 


!lVo 
Line Regulation 
Tj = 25'C 
10 = 40mA 
18 
30 
30 
65 
37 
70 


VIN = ()V 
(7-25) 
(14.2-30) 
(17.3-30) 


10 = 
100mA 
18 
30 
30 
65 
37 
70 
mV 
VIN = ()V 
(7.5-25) 
(14.5-30) 
(17.5-30) 


Load Regulation 
Tj = 25'C 
10=1-40mA 
5 
20 
10 
40 
12 
50 


10 = 
1 - 
100mA 
20 
40 
30 
80 
35 
100 


Long Term 
12 
24 
30 
mV 
Stability 
1000 hrs 


10 
Quiescent 
Tj = 25'C 
3 
4.5 
3 
4.5 
3.1 
4.5 
mA 
Current 
Tj = 
125'C 
4.2 
4.2 
4.2 


!lla 
Quiescent 
Tj = 25'C 
!lLoad 
10 = 
1 - 
40 mA 
0.1 
0.1 
0.1 


Current 
Change 
!lLine 
0.5 
0.5 
0.5 
mA 


VIN = ()V 
(7.5-25) 
(14.3-30) 
(17.5-30) 


VN 
Output 
Noise 
Tj = 25'C 
(Note 2) 
40 
80 
90 
J.LV 
Voltage 
f = 
10 Hz-l0 
kHz 


!lVIN 
Ripple 
Rejection 
f = 
120 Hz, VIN = ()V 
55 
62 
47 
54 
45 
52 
!lVOUT 
dB 
(7.5-18) 
(14.5-25) 
(17.5-28.5) 


Input Voltage 


Required 
to 
Tj = 25'C, 
10 = 40 mA 
7 
14.2 
17.3 
V 
Maintain 
Line 


Regulation 


Nole 1: Thermalresistanceof H-packageistypically26"C/W 
B;C. 2Sr:rC/W 
BjA stillair,and 94"C/W 
BjA 400 Illmin of air.Forthe Z-packageis Sr:rC/W 
B;C' 232"CI 


W 9jA still air, and 8frC/W 
8jA at 400 If/min 
of air. The maximum junction temperature 
shall not exceed 125°C on electrical 
parameters. 


Note 2: It is recommended 
that a minimum load capacitor 
of 0.01 ILF be used to limit the high frequency 
noise bandwidth. 


Note 3: The temperature 
coefficient 
of Your 
is typically within 0.01 % Vol-C. 


Note 4: A military RETS specification 
is available upon request. At the time of printing, the lM140LA-5.0. 
-12, and -15 RETS specifications 
complied with the Min 
and Max limits in this table. The LM140LAH·5.0, 
LM140LAH-12. 
and LM140LAH~15 may also be procured as Standard Military Drawings. 


III 


Maximum Average 
Maximum Average Power 
Power Dissipation 
Dissipation 
(Metal Can Package) 


'0 
10 
LMJ40LAH 
LM140LAH 


&.D 
INFINITE 
HEAT SINK 
5.0 
;;;;;;;;,oNFlNITE 
:HEATSINK =::;::::= 
~ 
~ 
~ 
I 
I'-~ 
z 
z -- 
I 
!'.. 
z 
a 
a 
Z.O 
a 
;: 
;: 
- ~r--..' 
E 
I 
~17-- 
f 
i 
1.0 
~ 


1.0 
~ 
NO HEAT SINK 
<5 
'" 
'" 
0.5 
WITH 3D"CM HEAT SINK"", 
"'<:- 
""'" 
'" 
0.5 == 
WITH ~O"CM HEAT SINK== 
• 
• 
• 
:? 
:? 
NO HEATSINK- 
.••••• 
:? 
I 
I 
O.Z 


I 
0.1 
0.1 
-75 -50 -ZS 
0 
Z5 
50 
75101 
lZ5 
0 
'5 
30 
_5 
6D 
75 


AMBIENT TEMPERATURE 
reI 
AMBIENT TEMPERATURE rCI 


Peak Output Current 
Dropout Voltage 


410 
Z.5 
I 
I 
- 
Ti'~55°C 
dVOUT" 
101 mY 
LMI40A 


E 
Z.O -~ 
'0~T,I'00mA- 
_;;;;;; 
C 300 
I 


.! 
I 
Ti'" :nOt 
.••..... 
~ 
•...z 
................ 
1.5 
lOUr 
\mA I 
1""-4 
~ 
~- 
'" 
i 
'" 
zoo 
=> 
Tj" 
'SD"C 
....•. 
-+-t'O~T'~mi.-::::"'_:::::: 
u 
I 


1.0 
~ 
J 
-.. 


'00 
DROPOUT CONDITIONS 
0.5 
dVOUT" 
101 mY 


0 
0 
I 
I 


I 
5 
'0 
15 
ZO 
Z5 
3D 
-75 
-SO -25 
8 
Z5 
51 
75 
108 
lZ5 


INPUT.oUTPUT DIFFERENTIAL IV) 
JUNCTION TE_RATURE 
I"C) 


Ripple Rejection 
Quiescent Current 
'" 


_.0 


3.1 


•• 
II 
C 
3.1 
~ 
.§ 
z 
i 


3._ 
a 
10 
3.Z 
e 
3.8 
::1 
<D 
•... 


2.' 
~ 
~ 
I 
~ 
V ••• -IOV 
! 
2.' 
t 
•• 
ZO 
VOUT" 
5V 
2._ 
VOUT" 
5V 


lOUT" "",A 
co 
IouT,q"", 


'T~;Z5;C 
I 
U 
T"noC 
8 
Z.8 
10 
108 
1k 
'1IIl 
lOOk 
I 
18 
11 
Z8 
ZI 
38 


FREQUENCY 
(Hz! 
INPUT VOLTAGE IV) 


Typical Applications 
Fixed Output Regulator 


I : 
LMIIOLA 
I2 
OUTPUT 


3 
GND I 
T 
~C2" 
TO.OM 


INPUT 
T 


C1*-L 


O.33,AFT 


Tl/H/7762-5 


·Required 
if the regulator is located far from the power supply filter. 


"See 
note 3 in the electrical 
characteristics 
table. 


Maximum Average Power 
Dissipation (Plastic Package) 
10 


1.'Z5" 
LEAD LENGTH 
FROM PC BOARD 
WITH 72~CIW HEAT SINK 


0.5 
0.4" LEAD lENGTH 
FROM PC BOARD 
I 


FREE AIR 
8.125" LEAD LENGTH 
I 


FROM PC BOARD 
FREE AIR 


Output Impedance 


'0 
Vlf~·IOV 


S.O 
Vexn·5V 
:§ 
lOUT· 
40 mA 
~ 
T." 
ZS"C 
I 
C~::..:JJ 
uzc 
'- 
' 
a 
COUT 
- 1jJF TANTALUM 
t 
1.0 
! 
5 
D.5 
!ia 
./ 


0.1 
10 
100 
1k 
11k 
110k 
1M 


FREnUENCY IHrI 


3._ 


3.3 


C 
3.2 
.! 


••• 
3.1 
~ 
a: 
J.D 


~ 
2.9 
•... 
~ 
2.• 
:: 
Z.1 


~ 
2.6 


2.5 


2._ 


-75 
-50 
-25 


LMI<DLA~S.O 
V•• -l1V 
IL -COmA 


Adjustable Output Regulator 
I 
I 
ILMI4DLA-S.8 I 


VOUT = 5V + (5V/Al 
+ 10) A2 


5V/Al 
= 310 load regulation (L.) [(Al + A2)/Al) 
(L. of LM140LA-5.0) 


General Description 
The LM145 is a three-terminal negative regulator with a 
fixed output voltage of - 5V and up to 3A load current capa- 
bility. This device needs only one external component-a 
compensation capacitor at the output, making it easy to ap- 
ply. Worst case guarantees on output voltage deviation due 
to any combination of line, load or temperature variation 
assure satisfactory system operation. 
Exceptional effort has been made to make the LM145 im- 
mune to overload conditions. The regulator has current lim- 
iting which is independent of temperature, combined with 
thermal overload protection. Internal current limiting pro- 
tects against momentary faults while thermal shutdown pre- 
vents junction temperatures from exceeding safe limits dur- 
ing prolonged overloads. 
Although primarily intended for fixed output voltage applica- 
tions, the LM145 may be programmed for higher output volt- 
ages with a simple resistive divider. The low quiescent drain 


current of the device allows this technique to be used with 
good regulation. 
The LM145 comes in a hermetic TO-3 package rated at 
25W. A reduced temperature range part LM345 is also avail- 
able. 


Features 
• 
Output voltage accurate to better than ±2% 


• 
Current limit constant with temperature 
• 
Internal thermal shutdown protection 
• 
Operates with input-output voltage differential of 2.8V at 
full rated load over full temperature range 


• 
Regulation guaranteed with 25W power dissipation 


• 
3A output current guaranteed 
• 
Only one external component needed 
• 
P+ Product Enhancement tested 


Long Term Stability 


Thermal Resistance 


Junction to Case 


Note 
1: Unless otherwise 
specified, these specificafions 
appiy: -SS·C 
,;; Tj ,;; + IS00C for the LM14S and OOC,;; Tj ,;; + 12S·C for the LM34S. VIN ~ 7.SVand 
lOUT = 5 mA. Although 
power 
dissipation 
is internally 
limited, electrical 
specifications 
apply only for power 
levels up to 25W. For calculations 
of junction 
temperature 
rise due to power dissipation, 
use a thermal resistance 
of 35°C/W 
for the TO·3 with no heat sink. With a heat sink, use z>C/W for junction to case 
thermal resistance. 


Note 2: Regulation 
is measured at constant 
junction temperature. 
Changes in output voltage 
due to heating effects must be taken into account 
separately. 
To 
ensure constant 
junction temperature, 
pulse testing with a low duty cycle is used. 


Note 3: Refer to RETSI4SK-SV 
for LM14SK-S.O military specifications. 


please 
contact 
me 
National 
~emlconauctor 
~ales 


Office/Distributors 
for availability 
and specifications. 


(Note 
3) 


Input Voltage 
20V 


Input-Output 
Differential 
20V 


Tj = 25'C, lOUT = 5 mA, 


VIN = -7.5 


Tj = 25'C 
-20V';; 
VIN ,;; -7.5V 


Tj = 25'C, VIN = -7.5V 
5 mA ,;; lOUT ,;; 3A 


-20V';; 
VIN';; 
-7.8V 


5 mA ,;; lOUT';; 3A 


P';; 
25W 


TMIN';; 
T-,;; TMAX 


-20V 
,;; ViN ,;; -7.5V 


5 mA ,;; lOUT ,;; 3A 


VIN = -7.5V, 
Tj = +25'C 
VIN = -20V, 
T- = +25'C 


TA = 25'C,CL 
= 4.7 /LF 
10Hz';; 
f,;; 
100kHz 


Connection Diagram 


Metal Can Package 


Bottom 
View 


Order 
Number 
LM345K-5.0 


See NS Package 
Number 
K02A 


Order 
Number 
LM145K-5.0/883 
or 


SMD #5962-9064501 


See NS Package 
Number 
K02C 


Operating 
Junction 
Temperature 
Range 
LM145 
LM345 


Storage Temperature 
Range 


Lead Temperature 
(Soldering, 
10 sec.) 


- 55'C to + 150'C 


O'C to + 125'C 


-65'C 
to + 150'C 


300'C 


LM145 


Typ 


LM345 


Typ 


5 
15 


30 
75 


-5.20 
-4.80 
-5.25 


1.0 
3.0 


4 
5.5 


2 
3.5 


150 


5 
50 


2 


-4.75 
V 


1.0 
3.0 
mA 


4 
5.5 
A 


2 
3.5 
A 


150 
/LV 


5 
50 
mV 


2 
·C/W 


Typical Applications 


Fixed Regulator 


TLIH/7785-3 


tRequired 
for stability. 
For value given, capacitor 
must be solid tantalum. 


50 J.LFaluminum 
electrolytic 
may be substituted. 
Values given may be in- 
creased without limit. 


·Required 
if regulator is separated 
from filter capacitor. 
For value given, ca- 


pacitor must be solid tantulum. 50 J.LFaluminum electrolytic 
may be substi- 
tuted. 


Typical Performance Characteristics 


Maximum Average Power 
Maximum Average Power 
Dissipation for LM145 
Dissipation for LM345 
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0 
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lDO 
125 
25 
50 
15 
'10 
125 
100 
1k 
lOt 
lDIlI< 
1M 
10M 


T,,- 
AMBIENT 
TEMPERATURE 
reI 
TA 
- 
AMBIENT 
TEMPERAYURE 
rc) 
f - 
FREQUENCY 
1Hz) 


Minimum Input-Output 
Output Voltage vs 


Output Impedance 
Voltage Differential 
Temperature 


10 
2.' 
I 
I I 


-5.• 
=- lOUT· 
100 mA 
22 
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I 


VI" --tOY 
I 
I I 


T1"zrc 
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T, '" +1WC 
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f - fREOUENCY 
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T - TEMPERATURE rCI 


TLIH/7785-4 


Typical Applications 
(Continued) 


. 


Your 
(+) 
/' 


_..:. 
C3 
200pF 
= 
= 
j ~ol 


-='.F 
~ 
lMI29A 
/~ 
1. 


R2· 


Cl·· 
+ 
~~4D9j""1 


E 
_ 1:.C2tt 


4.M=~ 
lMl08A 
- 
,=,IO.F 
SOLID 
- 
-t 
6 
TANTALUM 
1- 


Y'N - Your 
~ 3V 
4"'- 
2 


R5 
10k 
R4t 


R3· 
, 


0.5% 


1 
~ 
Your 
(-) 
lM'45 
-8V TO -12V 
. 


TUH/7785-5 


·Select 
resistors to set output voltage. 
1 ppm/C 
tracking suggested. 


"C1 
is not needed if power supply filter capacitor 
is within 3· 
of regulator. 


tDetermines 
zener current. May be adjusted to minimize temperature 
drift. 


ttSolid 
tantalum. 


Load and line regulation < 0.01 % 


Temperature 
drift < 0.001 %/C 


"C1 
is not needed if power supply filter capacitor 
is within 3" of regulator. 


tKeep 
C4 within 2" of LM345. 


"02 
sets initial output voltage accuracy. The LM113 is available in -5, 
-2. 
and -1% 
tolerance. 


+ INPUT 
LM123 
"'S.OV 


Cl 
+ 
+ 
C2 


l.2"F 
4.1~F 
l"F 
150 
+ 
4.1"F 
SOLID 
SOLID 
1k 
TANTALUM 
SOLID 
SOLID 
R2 
TANTALUM 
TANTALUM 
TANTALUM 
220 


22 


INPUT 
OUTPUT 


COM 
+ 4.1"F 
TLiH/7785-8 


22 
SOLID 
·Optional. 
Improves transient 
+ 
_ 
TANTALUM 
(R1 + R2) 


330 
response and ripple rejection. 
VOUT= 
-5V 
~ 


1. 


- INPUT 
LM145·5 
-5.0V 


TL/HI7785- 
7 


t!1National 
Semiconductor 


LM 150, LM350A/LM350 
3-Amp Adjustable Regulators 


General Description 


The 
LM1S0 series 
of adjustable 
3-terminal 
positive 
voltage 


regulators 
is capable 
of supplying 
in excess 
of 3A over 
a 


1.2V to 33V output 
range. 
They 
are exceptionally 
easy 
to 


use and require 
only 2 external 
resistors 
to set the output 


voltage. 
Further, 
both line and load regulation 
are compara- 


ble to 
discrete 
designs. 
Also, 
the 
LM1S0 
is packaged 
in 


standard 
transistor 
packages 
which 
are easily mounted 
and 


handled. 


In addition 
to higher 
performance 
than fixed 
regulators, 
the 


LM1S0 series offers full overload 
protection 
available 
only in 


IC's. Included 
on the chip are current 
limit, thermal 
overload 


protection 
and safe area protection. 
All overload 
protection 


circuitry 
remains 
fully functional 
even if the adjustment 
ter- 
minal is accidentally 
disconnected. 


Normally, 
no capacitors 
are 
needed 
unless 
the 
device 
is 


situated 
more than 
6 inches 
from the input filter capacitors 


in which 
case an input bypass 
is needed. 
An output 
capaci- 


tor can be added 
to improve 
transient 
response, 
while 
by- 


passing 
the adjustment 
pin will increase 
the regulator's 
rip- 


ple rejection. 


Besides 
replacing 
fixed 
regulators 
or discrete 
designs, 
the 


LM1S0 is useful in a wide variety of other applications. 
Since 


the regulator 
is "floating" 
and sees only the input-to-output 


differential 
voltage, 
supplies 
of several 
hundred 
volts can be 


regulated 
as long as the maximum 
input to output 
differen- 


tial is not exceeded, 
Le., avoid short-circuiting 
the output. 


By connecting 
a fixed 
resistor 
between 
the adjustment 
pin 


and output, 
the LM 1S0 can be used as a precision 
current 


regulator. 
Supplies 
with 
electronic 
shutdown 
can 
be 


achieved 
by clamping 
the 
adjustment 
terminal 
to ground 


which 
programs 
the output 
to 1.2V where 
most 
loads 
draw 


little current. 


The part numbers 
in the LM1S0 series which 
have a K suffix 


are 
packaged 
in a standard 
Steel 
TO-3 
package, 
while 


those with a T suffix are packaged 
in a TO-220 
plastic 
pack- 


age. The LM 1S0 is rated for - SS·C ,;; TJ ,;; + 1S0·C, while 
the LM3S0A 
is rated 
for 
- 40·C 
,;; TJ ,;; + 12S·C, and the 


LM3S0 is rated for O·C ,;; TJ ,;; + 12S·C. 


Features 


• 
Adjustable 
output 
down 
to 1.2V 


• 
Guaranteed 
3A output 
current 


• 
Guaranteed 
thermal 
regulation 


• 
Output 
is short 
circuit 
protected 


• 
Current 
limit constant 
with temperature 


• 
P+ 
Product 
Enhancement 
tested 


• 
86 dB ripple 
rejection 


• 
Guaranteed 
1% output 
voltage 
tolerance 
(LM3S0A) 


• 
Guaranteed 
max. 0.01 %/V 
line regulation 
(LM3S0A) 


• 
Guaranteed 
max. 0.3% 
load regulation 
(LM3S0A) 


Applications 


• 
Adjustable 
power 
supplies 


• 
Constant 
current 
regulators 


• 
Battery 
chargers 


(TO-3 STEEL) 
Metal Can Package 


Bottom 
View 


Order 
Number 
LM150K 
STEEL 
or LM350K 
STEEL 
See NS Package 
Number 
K02A 


Order 
Number 
LM150K/883 
See NS Package 
Number 
K02C 


(TO-220) 
Plastic 
Package 


Front 
View 


Order 
Number 
LM350AT 
or LM350T 
See NS Package 
Number 
T03B 


Absolute Maximum Ratings 


If Military/Aerospace 
specified 
devices 
are 
required, 
Lead Temperature 
please 
contact 
the 
National 
Semiconductor 
Sales 
Metal Package 
(Soldering, 
10 sec.) 
300'C 


Office/Distributors 
for availability 
and specifications. 
Plastic Package 
(Soldering, 
4 sec.) 
260'C 


(Note 4) 
ESD Tolerance 
TBD 


Power Dissipation 
Internally 
Limited 
Operating 
Temperature 
Range 
Input-Output 
Voltage 
Differential 
+35V 
LM150 
-55'C;s; 
TJ ;S;+ 150'C 


Storage 
Temperature 
- 65'C to + 150'C 
LM350A 
-40'C;s; 
TJ;S; +125'C 


LM350 
O'C;s; TJ;S; +125'C 


Electrical Characteristics 
. 


Specifications 
with standard 
type face are for TJ = 25'C, 
and those 
with boldface 
type apply over full Operating 
Tempera- 


ture 
Range. 
Unless 
otherwise 
specified, 
VIN - 
VOUT = 5V, and lOUT = 10 mA. (Note 2) 


Parameter 
Conditions 
LM150 
Units 


Min 
Typ 
Max 


Reference 
Voltage 
3V ;S;(VIN - 
VOUT) ;S;35V, 
1.20 
1.25 
1.30 
V 
10 mA ;S;lOUT ;S;3A, P ;S;30W 


Line Regulation 
3V ;S;(VIN - 
VOUT) ;S;35V (Note 3) 
0.005 
0.01 
%/V 


0.02 
0.05 
%/V 


Load Regulation 
10 mA ;S;lOUT ;S;3A (Note 3) 
0.1 
0.3 
% 


0.3 
1 
% 


Thermal 
Regulation 
20 ms Pulse 
0.002 
0.01 
%/W 


Adjustment 
Pin Current 
50 
100 
/LA 


Adjustment 
Pin Current 
Change 
10 mA;S; IOUT;S; 3A, 3V;S; (VIN - 
VOUT) ;S;35V 
0.2 
5 
/LA 


Temperature 
Stability 
TMIN ;S;TJ ;S;TMAX 
1 
% 


Minimum 
Load Current 
VIN - 
VOUT = 35V 
3.5 
5 
mA 


Current 
Limit 
VIN - 
VOUT ;S;10V 
3.0 
4.5 
A 


VIN - 
VOUT = 30V 
0.3 
1 
A 


RMS Output 
Noise, 
% of VOUT 
10Hz 
;S;f ;S;10kHz 
0.001 
% 


Ripple Rejection 
Ratio 
VOUT = 10V, f = 120 Hz, CADJ = 0/LF 
65 
dB 


VOUT = 10V, f = 120 Hz, CADJ = 10 /LF 
66 
86 
dB 


Long-Term 
Stability 
TJ = 125'C, 
1000 hrs 
0.3 
1 
% 


Thermal 
Resistance, 
Junction 
K Package 
1.2 
1.5 
'C/W 
to Case 


Thermal 
Resistance, 
Junction 
K Package 
35 
'C/W 
to Ambient 
(No Heat Sink) 
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Electrical Characteristics 
(Continued) 
Specifications 
with standard 
type face are for TJ = 25'C, 
and those 
with boldface 
type 
apply over full Operating 
Tempera- 
ture 
Range. 
Unless 
otherwise 
specified, 
VIN - 
VOUT = 5V, and lOUT = 10 mA. (Note 
2) (Continued) 


Conditions 
LM350A 
LM350 
Units 
Parameter 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


Reference 
Voltage 
lOUT = 10 mA, TJ = 25'C 
1.238 
1.250 
1.262 
V 


3V,;; 
(VIN - 
VOUT) ,;; 35V, 
1.225 1.250 1.270 1.20 1.25 1.30 
V 
10 mA,;; 
lOUT';; 
3A, P ,;; 30W 


Line Regulation 
3V ,;; (VIN - 
VOUT) ,;; 35V (Note 3) 
0.005 
0.01 
0.005 
0.03 
%/V 


0.02 
0.05 
0.02 0.07 
%/V 


Load Regulation 
10 mA ,;; lOUT ,;; 3A (Note 3) 
0.1 
0.3 
0.1 
0.5 
% 


0.3 
1 
0.3 
1.5 
% 


Thermal 
Regulation 
20 ms Pulse 
0.002 
0.01 
0.002 
0.03 
%/W 


Adjustment 
Pin Current 
50 
100 
50 
100 
IJoA 


Adjustment 
Pin Current 
Change 
10 mA ,;; lOUT';; 
3A, 3V,;; 
(VIN - 
VOUT) ,;; 35V 
0.2 
5 
0.2 
5 
IJoA 


Temperature 
Stability 
TMIN ,;; TJ ,;; TMAX 
1 
1 
% 


Minimum 
Load Current 
VIN - 
VOUT = 35V 
3.5 
10 
3.5 
10 
mA 


Current 
Limit 
VIN - 
VOUT';; 
10V 
3.0 
4.5 
3.0 
4.5 
A 


VIN - 
VOUT = 30V 
0.3 
1 
0.25 
1 
A 


RMS Output 
Noise, 
% of VOUT 
10Hz,;; 
f ,;; 10kHz 
0.001 
0.001 
% 


Ripple Rejection 
Ratio 
VOUT = 10V, f = 120 Hz, CADJ = 0 IJoF 
65 
65 
dB 


VOUT = 10V, f = 120 Hz, CADJ = 10 IJoF 
66 
86 
66 
86 
dB 


Long-Term 
Stability 
TJ = 125'C, 
1000 hrs 
0.25 
1 
0.25 
1 
% 


Thermal 
Resistance, 
Junction 
K Package 
1.2 
1.5 
'C/W 
to Case 
T Package 
3 
4 
3 
4 
'C/W 


Thermal 
Resistance, 
Junction 
K Package 
35 
'C/W 


to Ambient 
(No Heat Sink) 
T Package 
50 
50 
'C/W 


Note 
1: Absolute 
Maximum 
Ratings indicate 
limits beyond which damage 
to the device 
may occur. Operating 
Ratings indicate conditions 
for which the device 
is 
intended 
to be functional, 
but do not guarantee 
specific performance 
limits. For guaranteed 
specifications 
and test conditions, 
see the Electrical 
Characteristics. 


Note 
2: These 
specifications 
are applicable 
for power dissipations 
up to 30W for the TO-3 (K) package 
and 25W for the TO·220 en package. 
Power dissipation 
is 


guaranteed 
at these values up to 15V input-output 
differential. Above 
15V differential, 
power dissipation will be limited by internal protection 
circuitry. All limits (i.e., 
the numbers 
in the Min. and Max. columns) 
are guaranteed 
to National's 
AOOL 
(Average 
Outgoing Quality Level). 


Note 
3: Regulation 
is measured 
at a constant junction temperature, 
using pulse testing with a low duty cycle. Changes 
in output voltage due to heating effects are 


covered 
under the specifications 
for thermal 
regulation. 


Note 
4: Refer to RETS150K 
drawing for military specifications 
of the LM150K. 
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ence vOllage, 
vREF, oemeen 
me OUtpUt ano aOJustment ter- 
minal. 
The reference 
voltage 
is impressed 
across 
program 
resistor 
R1 and, 
since 
the voltage 
is constant, 
a constant 


current 
11 then flows through 
the output 
set resistor 
R2, giv- 


ing an output 
voltage 
of 


VOUT = VREF (1 + :~) 
+ IADJ R2. 


111 


VREF 
R1 
! 
Vour 


IAOJ 
I 


R2 


FIGURE 
1 


Since the 50 /'oA current 
from the adjustment 
terminal 
repre- 
sents 
an error 
term, 
the 
LM150 
was designed 
to minimize 


IADJ and make it very constant 
with line and load changes. 


To do this, all quiescent 
operating 
current 
is returned 
to the 


output 
establishing 
a minimum 
load current 
requirement. 
If 


there 
is insufficient 
load on the output, 
the output 
will rise. 


EXTERNAL 
CAPACITORS 


An input 
bypass 
capacitor 
is recommended. 
A 0.1 /'oF disc 


or 1 /'oF solid tantalum 
on the input is suitable 
input bypass- 
ing for almost 
all applications. 
The device 
is more sensitive 


to the absence 
of input bypassing 
when 
adjustment 
or out- 
put capacitors 
are used but the above 
values 
will eliminate 


the possibility 
of problems. 


The adjustment 
terminal 
can be bypassed 
to ground 
on the 


LM150 
to improve 
ripple 
rejection. 
This 
bypass 
capacitor 


prevents 
ripple from being amplified 
as the output 
voltage 
is 


increased. 
With a 10 /'oF bypass 
capacitor 
86 dB ripple 
re- 


jection 
is obtainable 
at any 
output 
level. 
Increases 
over 


10 /'oF do 
not 
appreciably 
improve 
the 
ripple 
rejection 
at 


frequencies 
above 
120 Hz. If the bypass capacitor 
is used, it 


is sometimes 
necessary 
to include 
protection 
diodes 
to pre- 


vent the capacitor 
from discharging 
through 
internal 
low cur- 


rent paths 
and damaging 
the device. 


In general, 
the best type of capacitors 
to use is solid tanta- 


lum. Solid tantalum 
capacitors 
have low impedance 
even at 


high frequencies. 
Depending 
upon capacitor 
construction, 
it 


takes 
about 
25 /'oF in aluminum 
electrolytic 
to equal 
1 /'oF 


solid 
tantalum 
at high frequencies. 
Ceramic 
capacitors 
are 


also good at high frequencies, 
but some types 
have a large 


decrease 
in capacitance 
at frequencies 
around 
0.5 
MHz. 
For this reason, 
0.01 /'oF disc may seem to work better 
than 


a 0.1 /'oF disc as a bypass. 


Although 
the LM150 
is stable with no output 
capacitors, 
like 


any feedback 
circuit, 
certain 
values 
of external 
capacitance 


can 
cause 
excessive 
ringing. 
This 
occurs 
with 
values 
be- 


tween 
500 pF and 5000 pF. A 1 /'oF solid tantalum 
(or 25 /'oF 


aluminum 
electrolytic) 
on the output 
swamps 
this effect 
and 


insures 
stability. 


The LM 150 is capable 
of providing 
extremely 
good load reg- 


ulation 
but a few 
precautions 
are needed 
to obtain 
maxi- 
mum performance. 
The current 
set resistor 
connected 
be- 
tween 
the adjustment 
terminal 
and the output 
terminal 
(usu- 
ally 2400) 
should 
be tied directly 
to the output 
(case) of the 


regulator 
rather 
than 
near 
the 
load. 
This 
eliminates 
line 


drops from appearing 
effectively 
in series with the reference 


and degrading 
regulation. 
For example, 
a 15V regulator 
with 


0.050 
resistance 
between 
the regulator 
and load will have a 


load 
regulation 
due to line resistance 
of 0.050 
x 
lOUT. If 


the set resistor 
is connected 
near the load the effective 
line 


resistance 
will be 0.050 
(1 + R2/R1) 
or in this case, 
11.5 


times 
worse. 


Figure 2 shows 
the effect 
of resistance 
between 
the regula- 


tor and 2400 
set resistor. 


TL/H/9061-B 


FIGURE 
2. Regulator 
with 
Line Resistance 


In Output 
Lead 


With the TO-3 package, 
it is easy to minimize 
the resistance 


from 
the 
case 
to the 
set 
resistor, 
by using 
two 
separate 
leads to the case. The ground 
of R2 can be returned 
near 
the ground 
of the 
load to provide 
remote 
ground 
sensing 


and improve 
load regulation. 


PROTECTION 
DIODES 


When external 
capacitors 
are used with any IC regulator 
it is 


sometimes 
necessary 
to add 
protection 
diodes 
to prevent 


the capacitors 
from 
discharging 
through 
low current 
points 


into the regulator. 
Most 
10 /'oF capacitors 
have low enough 
internal 
series 
resistance 
to deliver 
20A spikes 
when 
short- 


ed. Although 
the surge 
is short, 
there 
is enough 
energy 
to 


damage 
parts of the IC. 


When 
an output 
capacitor 
is connected 
to a regulator 
and 
the input is shorted, 
the output 
capacitor 
will discharge 
into 


the output 
of the regulator. 
The discharge 
current 
depends 


on the value of the capacitor, 
the output voltage 
of the regu- 


lator, 
and the 
rate of decrease 
of VIN. In the 
LM150, 
this 


discharge 
path 
is through 
a large 
junction 
that 
is able 
to 


sustain 
25A surge with no problem. 
This is not true of other 


types of positive 
regulators. 
For output 
capacitors 
of 25 /'oF 
or less, there 
is no need to use diodes. 


The 
bypass 
capacitor 
on the adjustment 
terminal 
can dis- 
charge 
through 
a low 
current 
junction. 
Discharge 
occurs 


when 
either 
the 
input 
or output 
is shorted. 
Internal 
to the 


LM150 
is a 500 
resistor 
which 
limits 
the 
peak 
discharge 


current. 
No protection 
is needed 
for output 
voltages 
of 25V 


or less and 10 /'oF capacitance. 
Figure 
3 shows 
an LM150 


with protection 
diodes 
included 
for use with outputs 
greater 


than 25V and high values 
of output 
capacitance. 


01 protects against C1 


02 protects against C2 


1.2V-25V 
Adjustable 
Regulator 


LM150 


Full output current not available 
at high input·output 
voltages. 


tOptional-improves 
transient response. Output capacitors 
in the range of 1 
J.LFto 1000 J.LFof aluminum or tantalum 
electrolytic 
are commonly 
used to 


provide improved output impedance 
and rejection of transients. 


·Needed 
if device is more than 6 inches from filter capacitors. 


ttVOUT 
~ 
1.25V (1 +i*) + IADJ(R2) 


Note: Usually R1 ~ 2400 
for LM150 and Rl 
= 1200 for LM350. 
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Precision Power Regulator with 
Low Temperature Coefficient 


OUTPUT 
AD.lUST 
':" 


TLiH/9061-13 


Adjustable Regulator with Improved 
Ripple Rejection 


LM150 


tSolid tantalum 


·Discharges 
C1 if output is shorted to ground 


High Stability 10VRegulator 


LMl58 


YIN 
YOUT 


1SY 
lOY 


Regulator and Voltage Reference 


LMl58 


5V Logic Regulator with 
Electronic Shutdown' 


LM150 


TLiH/9061-20 


Full output current not available 
at high input-output 
voltages 
III 


tSolid tantalum 
-6V TO -15V 


·Lights in constant current mode 


RI 
5k 
VOLTAGE 
ADJUST 


VIN 
lOUT 
OTO 3A 


R2 
150 


LMl17 


R3 
120 


1.2V-20V Regulator with 
Minimum Program Current 


LM150 


Tracking Preregulator 


R2 
120 


• 


Adjusting 
Multiple 
On-Card 
Regulators 
with 
Single 
Control' 


tMinimum load-10 
mA 


•All outputs -Mthin ± 100 mV 


Rl 
__ 


240 J 


24 Vp-prv 


12 Vp-p 


3A 


480 PLJ 


TUH/9061-30 


•Ag-S8ts 
output impedance of charger. ZoUT ~ As (1 + i*) 


Use of Rs allows low charging rates with fully 
charged battery . 


• -1 000 JLFis recommended 
to filter out any input transients 


'sets 
peak current (2A for 0.30) 


··1000 
J.LFis recommended to filter out any input transients. 
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General Description 


The 
LM317L 
is an 
adjustable 
3-terminal 
positive 
voltage 


regulator 
capable 
of supplying 
100 mA over a 1.2V to 37V 


output 
range. 
It is exceptionally 
easy 
to use and 
requires 


only two external 
resistors 
to set the output voltage. 
Further, 


both line and load regulation 
are better 
than standard 
fixed 


regulators. 
Also, 
the 
LM317L 
is available 
packaged 
in a 


standard 
TO-92 
transistor 
package 
which 
is easy to use. 


In addition 
to higher 
performance 
than fixed regulators, 
the 


LM317L 
offers 
full overload 
protection. 
Included 
on the chip 


are current 
limit, thermal 
overload 
protection 
and safe area 


protection. 
All 
overload 
protection 
circuitry 
remains 
fully 


functional 
even if the adjustment 
terminal 
is disconnected. 


Features 


• 
Adjustable 
output 
down 
to 1.2V 


• 
Guaranteed 
100 mA output 
current 


• 
Line regulation 
typically 
0.01 % V 


• 
Load regulation 
typically 
0.1 % 


• 
Current 
limit constant 
with temperature 


• 
Eliminates 
the need to stock 
many voltages 


• 
Standard 
3-lead 
transistor 
package 


• 
80 dB ripple 
rejection 


• 
Output 
is short 
circuit 
protected 


Normally, 
no capacitors 
are 
needed 
unless 
the 
device 
is 


situated 
more than 6 inches 
from 
the input filter capacitors 


in which 
case an input bypass 
is needed. 
An optional 
output 


capacitor 
can be added to improve 
transient 
response. 
The 


adjustment 
terminal 
can be bypassed 
to achieve 
very high 


ripple rejection 
ratios which are difficult 
to achieve 
with stan- 
dard 3-terminal 
regulators. 


Besides 
replacing 
fixed regulators, 
the LM317L 
is useful in a 


wide 
variety 
of 
other 
applications. 
Since 
the 
regulator 
is 
"floating" 
and sees only the input-to-output 
differential 
volt- 


age, supplies 
of several 
hundred 
volts 
can be regulated 
as 


long as the maximum 
input-to-output 
differential 
is not ex- 


ceeded. 


Also, it makes an especially 
simple adjustable 
switching 
reg- 


ulator, a programmable 
output 
regulator, 
or by connecting 
a 


fixed 
resistor 
between 
the 
adjustment 
and 
output, 
the 


LM317L 
can be used as a precision 
current 
regulator. 
Sup- 


plies with electronic 
shutdown 
can be achieved 
by clamping 
the adjustment 
terminal 
to ground 
which 
programs 
the out- 


put to 1.2V where 
most loads draw little current. 


The 
LM317L 
is available 
in a standard 
TO-92 
transistor 


package 
and the SO-8 
package. 
The 
LM317L 
is rated 
for 


operation 
over a - 25'C 
to 125'C 
range. 


Connection 
Diagram 


AO~VIN 
vouK-/ 


BOTIOMVIEW 


TLIH/9064-4 


Order Number 
LM317L2 
See NS Package 
NumberZ03A 


V1N08 
NC 


Vour 
2 
7 
Vour 


Vour 
3 
6 
Vour 


ADJ4 
5HC 


TLIH/9064-5 


Order 
Number 
LM317LM 


See NS Package 


Number 
M08A 


Fully Protected 
(Bulletproof) 
Lamp Driver 


zav 


TLIH/9064-1 


Full output current not available at high input-out- 
put voltages 


tOptional-improves 
transient 
response 


• Needed 
if device is more than 6 inches from 


filter capacitors 


ttVoUT 
~ 1.25V (1 + ~) 
+ IADJ(R21 


TLIH/9064-3 


Output rate-4 
flashes per second at 10% duty 


cycle 


_ ...__ . -._ ...----.- 
"-" -"_ ..__ ...~"_..- -,..-_..._-~._.._. 
Output 
is Short 
Circuit 
Protected 


Power Dissipation 
Internally 
Limited 
ESD rating to be determined. 
Input-Output 
Voltage 
Differential 
40V 


Operating 
Junction 
Temperature 
Range 
- 40'C to + 125'C 


Electrical Characteristics 
(Note 1) 


Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


Line Regulation 
Tj = 25'C,3V 
,,; (VIN - 
VOUT) ,,; 40V, IL ,,; 20 mA (Note 2) 
0.01 
0.04 
%/V 


Load Regulation 
Tj = 25'C, 
5 mA ,,; lOUT"; 
'MAX, (Note 2) 
0.1 
0.5 
% 


Thermal 
Regulation 
Tj = 25'C, 
10 ms Pulse 
0.04 
0.2 
%/W 


Adjustment 
Pin Current 
50 
100 
p.A 


Adjustment 
Pin Current 
Change 
5 mA,,; 
IL ,,; 100 mA 
0.2 
5 
p.A 


3V ,,; (VIN - 
VOUT) ,,; 40V, P ,,; 625 mW 


Reference 
Voltage 
3V ,,; (VIN - 
VOUT) ,,; 40V, (Note 3) 
1.20 
1.25 
1.30 
V 


5 mA ,,; lOUT ,,; 100 mA, P ,,; 625 mW 


Line Regulation 
3V ,,; (VIN - 
VOUT) ,,; 40V, IL ,,; 20 mA (Note 2) 
0.02 
0.07 
%/V 


Load Regulation 
5 mA ,,; lOUT"; 
100 mA, (Note 2) 
0.3 
1.5 
% 


Temperature 
Stability 
TMIN ,,; Tj ,,; TMax 
0.65 
% 


Minimum 
Load Current 
(VIN - 
VOUT) ,,; 40V 
3.5 
5 
mA 


3V ,,; (VIN - 
VOUT) ,,; 15V 
1.5 
2.5 


Current 
Limit 
3V ,,; (VIN - 
VOUT) ,,; 13V 
100 
200 
300 
mA 


(VIN - 
VOUT) = 40V 
25 
50 
150 
mA 


Rms Output 
Noise, % of VOUT 
Tj = 25'C, 
10Hz 
,,; f ,,; 10kHz 
0.003 
% 


Ripple Rejection 
Ratio 
VOUT = 10V, f = 120 Hz, CADJ = 0 
65 
dB 


CADJ = 10 p.F 
66 
80 
dB 


Long-Term 
Stability 
Tj = 125'C, 
1000 Hours 
0.3 
1 
% 


Thermal 
Resistance 
Z Package 
0.4" 
Leads 
180 
'C/W 


Junction 
to Ambient 
Z Package 
0.125 Leads 
160 
'C/W 


SO-8 Package 
165 
'C/W 


Thermal 
Rating of SO Package 
165 
'C/W 


Note 
1: Unless 
otherwise 
noted, these specifK;ations appty: -25°C 
:5:: Tj 
:5:: 125°C 
for the LM317L; 
VIN - 
VOUT = 5V and lOUT = 40 mA. Although 
power 
dissipation is internally limited, these specifications 
are applicable 
for power dissipations 
up to 625 mW. IMAX is 100 mA. 


Note 
2: Regulation 
is measured 
at constant junction temperature, 
using pulse testing with a low duty cycle. Changes 
in output voltage due to heating effects 
are 
covered 
under the specification 
for thermal regulation. 


Note 
3: Thermal 
resistance 
of the TO·92 
package 
is 180°C/W 
junction to ambient with OA 
N 
leads from a PC board and 160°C/W 
junction to ambient with O.125N 


lead length to PC board. 
• 


Typical Performance Characteristics 
(Output capacitor = 0 ,..F unless otherwise noted.) 


Load Regulation 
Current Limit 
Adjustment Current 


0.1 
0.3 
60 


~ 
z 
0 
;< 
55 
0 
Il'" 
0.1A 
~ 
-- 
~ 
Ti'" 25°C 


.3 
"./ 
•... 


~ 


-0.1 
•... 
0.2 
i 
'" 
z 
.- ~ 
50 
" 
~ 
/ 
~ -112 
"~ 
.. 
u 
z 
•... 


~~rN""5V 


•... 
~ 
Ti'" 
125°e 
0: 
45 
0 
~ 
l 
> 
-0.3 
Vour: 
lOY 
•... 
0.1 


~. 
§ 
•... 
I-I 
I 
~ 
~ 
0 
40 
~ 


-0.4 
.. 


Y 
'~5°C .~ 


-0.5 
0 
35 


-15 -so -25 
0 
25 
50 
15 
100 125 150 
0 
10 
20 
30 
40 
-15 -so -25 
0 
25 
50 
15 
'DO 125 150 


TEMPERATURE reI 
INPUT·OUTPUT DIFFERENTIAL 
(V) 
TEMPERATURE iel 


Reference Voltage 
Dropout Voltage 
Temperature Stability 
Minimum Operating Current 


3.0 
I 
1.210 
~ 
!>VOUr '100~V 
4.0 
.. 
2.5 
,UJ- 


;; 
;< 
~ 
;:: 
~ 
1.260 
.!. 
", 


~ 


•... 


3.0 
2.0 
- - 
~ 
z 
tr' 
:: t::::-l.1 
I 
" 
- 
Tjl',25~C_ ~ 
" 
Tj'" 
125°C_ 
Q 
-""["N- 
i1250 
~ 


•... 
- 
, 
•..•.•....•.• 
u 
2.0 
~ 
1.5 
•... 
='---- 
~ 
Il·r.:t-- 


z 
...••.• 
: 
Tj" -25'"C 
i 


1.0 
, 
~ 1.240 
1.0 


I 
~ 
I 
I 


I 
I 
0.5 
1.230 
0 


-75 -50 -25 
0 
25 
50 
15 
100 125 150 
-15 -50 -25 0 
25 50 
75 
100 125 150 
0 
'0 
20 
30 
40 


TEMPERATURE iel 
TEMPERATURE it) 
INPUT·OUTPUT 
DIFFERENTIAL 
{VI 


Ripple Rejection 
Ripple Rejection 
Output Impedance 
100 -+- 
CA~J"LF 


100 


-C~OJ"0~F- 


,02 
- I-- 
e-- 
- 
Cl'~ 
CADJ::II 
10l-lF 
; 
aD 
CAJ;:-; 
aD 
g 
'OI~,Cl'O 
/i\. 
~ 
z 
- 
z 
-C~ 
..•.•. 


'" 
'" 


u 


~ 


60 
~ 
60 e-- 
z 
CA,OJ' 0 
\ 
~ 100 
/T'T= 
~ 
V,." 
\5V - "\ 
40 - 
VIN-VOUT'" 
5V 
40 i-- 
'! 
l'" 11-lF 
Il "'4QmA 
\. 
•... 
CAOJ 10.' 
:: 
- 
~ - 
Your'" 
lOV 
~ 


<r 
f-120 
Hz 
Il =--4GmA 
~ 
10-1 
I.••••••• 
/ 
I 
VIN= 15Y 


20 - 
Ti'" 25°e 
<r 
20 - 
Tia 25°e 
YOUT'" 
10V~ 


I 
I 
I 
I 


IL "'40mA 


0 
0 
10-2 
Tj "'2S"C 


0 
5 
10 
15 
20 
25 
30 
35 
10 
'00 
1k 
10k 
1000 
1M 
10 
100 
lk 
101< 
lOOl< 
1M 


OUTPUT YOL TAGE (VI 
FREOUENCY (HzI 
FREOUENCY IHzl 


Line Transient Response 
Load Transient Response 
Thermal Regulation 
1.5 


C~"~' 
I __ 
~- 1.5 
30 
"'- 
CL'" 0 
h,.'o I 
~~ 
vo.;';·Tov _ 
•• > 
1.0 f- 
~z:. 
--.j 
•... - 
t/~AOJ' 
0 
1.0 
20 
~Z 
~z 
•....! 
"'''' 
0.5 
CADJ-1D/olF 
__ 
0'" 
CAOJ" 0, 
•• 
~z 
10 


MDWER"1W 


>;::: 
>;:: 
0.5 
~!: 
....• 
1 I 
\. 
•... .. 
I I 
I V 
•.... 


~~ 
0 
~~ 


•... •.. 
0 
0 
~.. 
~" 
~1,•• 1'5V 
~'" 
-.. 


V,N.I'5J 
" 
~> 
-10 
-11.5 I- 
D 
CL -1 /olF 
~~ 
-0.5 
",0 


-1.0 f- _YOUT"0V 
YOUT = 10Y 
CAOJ'" 10/olF 
-20 


-1.0 
IL "'40mA 
INL - 
SmA 
i 
-30 
-1.5 f- 
Y2~oC 
1 -1.5 
l2~OCI 
z 
'.5 
~ 
1.0 
"';: 
'" 
•... 
I 
I 
I 
"z 
100 
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1.0 
"'~ 
I I 
\ 
: 
~ ~ 
0.5 
~~ 
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I 
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TIME\IQ\ 
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Application 
Hints 


In operation, 
the 
LM317L 
develops 
a nominal 
1.25V refer- 


ence voltage, 
VREF. between 
the output 
and adjustment 
ter- 
minal. 
The reference 
voltage 
is impressed 
across 
program 
resistor 
R1 and, 
since 
the voltage 
is constant, 
a constant 


current 
11 then flows through 
the output 
set resistor 
R2, giv- 


ing an output 
voltage 
of 


Your = VREF (1 + :~) + IADJ(R2) 


Since the 100 IJ-Acurrent 
from the adjustment 
terminal 
rep- 


resents 
an error 
term, 
the 
LM317L 
was 
designed 
to mini- 
mize 
IADJ and 
make 
it very 
constant 
with 
line 
and 
load 


changes. 
To do this. 
all quiescent 
operating 
current 
is re- 


turned 
to the 
output 
establishing 
a minimum 
load 
current 


requirement. 
If there 
is insufficient 
load on the output, 
the 
output 
will rise. 


t It~ 


1 


VREF 
Rt 
! 
VOUT 
- 
I 


'AOJ 


R2 


External 
Capacitors 


An input bypass 
capacitor 
is recommended 
in case the reg- 
ulator 
is more than 6 inches 
away from the usual large filter 


capacitor. 
A 0.1 IJ-Fdisc or 1 IJ-Fsolid tantalum 
on the input 
is suitable 
input 
bypassing 
for almost 
all applications. 
The 
device 
is more sensitive 
to the absence 
of input bypassing 


when 
adjustment 
or output 
capacitors 
are 
used, 
but 
the 
above 
values 
will eliminate 
the possiblity 
of problems. 


The adjustment 
terminal 
can be bypassed 
to ground 
on the 


LM317L 
to improve 
ripple 
rejection 
and noise. This bypass 


capacitor 
prevents 
ripple and noise from being amplified 
as 


the output 
voltage 
is increased. 
With a 10 IJ-Fbypass capac- 


itor 80 dB ripple 
rejection 
is obtainable 
at any output 
level. 


Increases 
over 10 IJ-Fdo not appreciably 
improve 
the ripple 


rejection 
at frequencies 
above 
120 Hz. If the bypass capaci- 
tor is used, it is sometimes 
necessary 
to include 
protection 


diodes 
to prevent 
the 
capacitor 
from 
discharging 
through 
internal 
low current 
paths and damaging 
the device. 


In general, 
the best type of capacitors 
to use is solid tanta- 


lum. Solid tantalum 
capacitors 
have low impedance 
even at 


high frequencies. 
Depending 
upon capacitor 
construction, 
it 


takes 
about 
25 IJ-F in aluminum 
electrolytic 
to equal 
1 IJ-F 
solid tantalum 
at high frequencies. 
Ceramic 
capacitors 
are 


also good at high frequencies; 
but some types 
have a large 


decrease 
in capacitance 
at frequencies 
around 
0.5 
MHz. 


For this 
reason, 
a 0.01 
IJ-F disc 
may seem 
to work 
better 


than a 0.1 IJ-F disc as a bypass. 


Although 
the 
LM317L 
is stable 
with 
no output 
capacitors, 


like any feedback 
circuit, 
certain 
values 
of external 
capaci- 


tance 
can cause 
excessive 
ringing. 
This occurs 
with values 


between 
500 pF and 5000 pF. A 1 IJ-F solid tantalum 
(or 25 


IJ-F aluminum 
electrolytic) 
on the output 
swamps 
this effect 


and insures 
stability. 


Load 
Regulation 


The 
LM317L 
is capable 
of providing 
extremely 
good 
load 


regulation 
but a few precautions 
are needed 
to obtain 
maxi- 


mum 
performance. 
The current 
set resistor 
connected 
be- 


tween 
the adjustment 
terminal 
and the output 
terminal 
(usu- 


ally 2400) 
should 
be tied directly 
to the output 
of the regula- 


tor rather than near the load. This eliminates 
line drops from 


appearing 
effectively 
in series 
with 
the 
reference 
and 
de- 


grading 
regulation. 
For example, 
a 15V regulator 
with 0.050 


resistance 
between 
the regulator 
and load will have a load 


regulation 
due to line resistance 
of 0.050 
x 
IL. If the set 


resistor 
is connected 
near the load the effective 
line resist- 


ance will be 0.050 
(1 + R2/R1) 
or in this case, 
11.5 times 


worse. 


Figure 2 shows 
the effect 
of resistance 
between 
the regula- 


tor and 2400 
set resistor. 


With the TO-92 
package, 
it is easy to minimize 
the resist- 


ance 
from 
the case to the set resistor, 
by using two sepa- 


rate leads 
to the output 
pin. The ground 
of R2 can be re- 


turned 
near the ground 
of the load to provide 
remote 
ground 


sensing 
and improve 
load regulation. 


LM317L 


TL/H/9064-B 


FIGURE 
2. RegUlator 
with 
Line Resistance 
in Output 
Lead 
• 


Application 
Hints (Continued) 


Thermal 
Regulation 


When 
power 
is dissipated 
in an IC, a temperature 
gradient 
occurs 
across 
the 
IC chip affecting 
the individual 
IC circuit 
components. 
With an IC regulator, 
this gradient 
can be es- 
pecially 
severe 
since 
power 
dissipation 
is large. 
Thermal 
regulation 
is the 
effect 
of these 
temperature 
gradients 
on 
output 
voltage 
(in percentage 
output 
change) 
per watt 
of 
power 
change 
in a specified 
time. Thermal 
regulation 
error 
is independent 
of electrical 
regulation 
or temperature 
coeffi- 
cient, 
and 
occurs 
within 
5 ms to 50 ms after 
a change 
in 
power 
dissipation. 
Thermal 
regulation 
depends 
on IC layout 
as well as electrical 
design. 
The thermal 
regulation 
of a volt- 
age regulator 
is defined 
as the percentage 
change 
of VOUT, 
per watt, 
within 
the first 10 ms after a step of power 
is ap- 
plied. The LM317L 
specification 
is 0.2%/W, 
maximum. 


In the Thermal 
Regulation 
curve at the bottom 
of the Typical 
Performance 
Characteristics 
page, 
a typical 
LM317L's 
out- 
put changes 
only 7 mV (or 0.07% 
of VOUT = -10V) 
when 
a 1W pulse 
is applied 
for 10 ms. This performance 
is thus 
well inside the specification 
limit of 0.2%/W 
x 
1W = 0.2% 
maximum. 
When the 1W pulse is ended, 
the thermal 
regula- 
tion again shows 
a 7 mV change 
as the gradients 
across 
the 
LM317L 
chip die out. Note that the load regulation 
error of 
about 
14 mV (0.14%) 
is additional 
to the thermal 
regulation 
error. 


Protection 
Diodes 


When external 
capacitors 
are used with any 
IC regulator 
it is 
sometimes 
necessary 
to 
add 
protection 
diodes 
to 
pre- 


vent 
the 
capacitors 
from 
discharging 
through 
low 
current 
points 
into the regulator. 
Most 
10 I'-F capacitors 
have 
low 
enough 
internal 
series 
resistance 
to 
deliver 
20A 
spikes 
when 
shorted. 
Although 
the surge is short, 
there 
is enough 
energy 
to damage 
parts of the IC. 


When 
an output 
capacitor 
is connected 
to a regulator 
and 
the input is shorted, 
the output 
capacitor 
will discharge 
into 
the output 
of the regulator. 
The discharge 
current 
depends 
on the value of the capacitor, 
the output 
voltage 
of the regu- 
lator, 
and the rate of decrease 
of VIN. In the LM317L, 
this 
discharge 
path 
is through 
a large 
junction 
that 
is able 
to 
sustain 
a 2A surge with no problem. 
This is not true of other 
types 
of positive 
regulators. 
For output 
capacitors 
of 25 I'-F 
or less, the LM317L's 
ballast 
resistors 
and output 
structure 
limit the peak current 
to a low enough 
level so that there 
is 
no need to use a protection 
diode. 


The 
bypass 
capacitor 
on the adjustment 
terminal 
can dis- 
charge 
through 
a low 
current 
junction. 
Discharge 
occurs 
when 
either 
the 
input 
or output 
is shorted. 
Internal 
to the 
LM317L 
is a 50n 
resistor 
which 
limits 
the 
peak 
discharge 
current. 
No protection 
is needed 
for output 
voltages 
of 25V 
or less and 10 I'-F capacitance. 
Figure 
3 shows 
an LM317L 
with protection 
diodes 
included 
for use with outputs 
greater 
than 25V and high values 
of output 
capacitance. 


VOUT 


Cl 


~ 
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VOUT ~ 1.25V (1 + i*) IAOJ R2 


01 protects 
against C1 


02 protects 
against C2 


R26 
0.3 
R15 
60k 


I 


WJ 
CD3 
II)- 
(i' 
C 


IN 
ii)' 
CC 
"'" 
II) 
3 


Typical Applications 
(Continued) 


Digitally Selected Outputs 


TLiH/9064-11 


·Sets maximum VOUT 


Adjustable Current Limiter 


LM3'71 


-l'·5V 
.\ 
lour=\-R-'- 
+lm~ 


Adjustable Regulator with 
Improved Ripple Rejection 


C2 


~D.1/-lF 


Adjustable Regulator with Current Limiter 


LM3t1L 
r----~+ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
ITRANSFORMER,I 
I =~gT~~~~~~ 
I 
I 
CAPACITOR 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 
"' 


VOUT-'·250V(~+') 


TLiH/9064-18 


Short circuit current is approximately 
600 mVIR3, 
or 60 mA (compared 
to 


LM317LZ's 
200 mA current limit). 


At 25 mA output only 3/4V of drop occurs in R3 and R4. 


OV-30V Regulator 


LMll71 


TL/H/9064-19 


Full output current not available at high input-out- 
put voltages 


Regulator With 15 mA Short Circuit 
Current 
Power Follower 


10V-40V 


Cl 
rO.M 


Adjusting MUltiple On-Card Regulators with Single Control' 


LMl17L 
LMl17L 


100 mA Current Regulator 


LMll71 


I 
______ 
J 


1.2V-12V 
Regulator with Minimum 
Program Current 


LMl17L 


•All outputs within ± 100 mV 


tMinimum 
load - 5mA 


50 mA Constant Current Battery 


Charger for Nickel-Cadmium 


Batteries 


III 


YOUT 
5Y 


C2 
D.l~F 


TIl 
lk 


·Sets peak current. IpEAK = O.6V/R1 


• -1 000 J.LFis recommended 
to filter out any input transients. 


Short Circuit Protected SOVSupply 


100 
l/2W 
115y:--311 


1I~ 
-, 


: l/B AMP, TYPE BAG 
I FUSE OR CIRCUIT BREAKER 
I 
•• 


01, 02: NSD134 or similar 
Cl, 
C2: 1 I'F, 200V mylar" 
·Heat sink 


lM317l 


ADJ 


Cl 
T1.0I'F 


VOUT 
1.2VTO 
160V~25 
mA 


R1 
2.1 


Cl 


01, 02: NSD134 or similar T 1.01'F 
Cl, 
C2: 1 I'F, 200V mylar" 
_ 


·Heat sink 
- 


•• Mylar is a registered 
trademark 
of DuPont 
Co. 


lM317l 


AOJ 


VOUT 
BVTO 
160Vil25 
mA 


RB 
2.1 


R6 
lk 
C2 
"=!='" 1.0l'F 
• 


Typical Applications 
(Continued) 


Tracking Regulator 


VIN 


Regulator With Trimmable Output Voltage 


vlN 
(25V TO 40V) 


rr 


GND 


RZ -1.__~__ 


10k- 
l,.,.F 
TANTALUM 


Trim Procedure: 


- 
If Your 
is 23.08V or higher, cut out R3 (if lower, don't cut it out). 


- 
Then 
if Your 
is 22.47V or higher, cut out R4 (if lower, don't). 


- 
Then if Your 
is 22.16Vor 
higher, cut out AS (if lower, don't). 


This will trim the output to well within ± 1% of 22.00 Voc. without any of the 
expense or uncertainty 
of a trim pot (see LB-46). Of course, this technique 
can be used at any output voltage 
level. 


f}1National 
Semiconductor 


LM320L, LM79LXXAC Series 
3-Terminal Negative Regulators 


General Description 


The 
LM3201lLM79LXXAC 
series 
of 
3-terminal 
negative 


voltage 
regulators 
features 
fixed 
output 
voltages 
of 
-5V, 


-12V, 
and 
-15V 
with output 
current 
capabilities 
in excess 


of 100 mA. These 
devices 
were 
designed 
using the latest 


computer 
techniques 
for optimizing 
the 
packaged 
IC ther- 


mal/electrical 
performance. 
The 
LM79LXXAC 
series, 
even 


when 
combined 
with 
a minimum 
output 
compensation 
ca- 
pacitor 
of 0.1 ,...F,exhibits 
an excellent 
transient 
response, 
a 


maximum 
line regulation 
of 0.07% 
VolV, 
and a maximum 


load regulation 
of 0.01 % Vo/mA. 


The LM3201lLM79LXXAC 
series also includes, 
as self-pro- 


tection 
circuitry: 
safe operating 
area circuitry 
for output 
tran- 


sistor 
power dissipation 
limiting, 
a temperature 
independent 


short circuit current 
limit for peak output 
current 
limiting, and 


a thermal 
shutdown 
circuit 
to 
prevent 
excessive 
junction 


temperature. 
Although 
designed 
primarily 
as fixed 
voltage 


regulators, 
these 
devices 
may be combined 
with simple 
ex- 


ternal 
circuitry 
for boosted 
and Ior adjustable 
voltages 
and 


currents. 
The 
LM79LXXAC 
series 
is available 
in the 3-lead 


TO-92 
package, 
and 
SO-8; 
8 lead 
package. 
The 
LM320L 


series 
is available 
in the 3-lead 
TO-92 
package. 


For output 
voltage 
other 
than 
-5V, 
-12V 
and 
-15V 
the 


LM137L 
series 
provides 
an output 
voltage 
range from 
1.2V 


to 47V. 


Features 


• 
Preset 
output 
voltage 
error 
is less than 
± 5% 
overload, 


line and temperature 


• 
Specified 
at an output 
current 
of 100 mA 


• 
Easily compensated 
with a small 
0.1 ,...F output 


capacitor 


• 
Internal 
short-circuit, 
thermal 
and 
safe 
operating 
area 


protection 


• 
Easily adjustable 
to higher 
output 
voltages 


• 
Maximum 
line regulation 
less than 0.07% 
VOUTIV 


• 
Maximum 
load regulation 
less than 0.01 % VOUT/mA 


TLIH/774B-l 


·Required 
if the regulator 
is located far from the power supply filter. A 1 }LF 


aluminum 
electrolytic 
may be substituted. 


··Required 
for stability. A 1 J.LFaluminum 
electrolytic 
may be substituted. 


+ 
+ 
C2 
0.1 "F 


-vo ~ -5V - (5V/Rl 
+ /0). R2. 


5V1RI > 310 


-Vour 
1· 
8 
HC 


-V1H 
2 
7 
-VIM 


-VIH 
3 
6 
-VIM 


HC 
4 
5 
GHO 


Top View 


Order 
Number 
LM79L05ACM, 
LM79L 12ACM or LM79L 15ACM 
See NS Package 
Number 
M08A 


TO-92 
Plastic Package 
(Z) 
',~1<=1-' 


Bottom 
View 


Order 
Number 
LM320LZ-5.0, 
LM79L05ACZ, 


LM320LZ-12, 
LM79L 12ACZ, LM320LZ-15 
or 


LM79L15ACZ 
See NS Package 
Number 
Z03A 
• 


Absolute Maximum Ratings 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Operating 
Temperature 
Range 
O'Cto 
+70'C 


please 
contact 
the 
National 
Semiconductor 
Sales 
Maximum 
Junction 
Temperature 
+ 125'C 
Office/Distributors 
for 
availability 
and 
specifications. 
Storage 
Temperature 
Range 
- 55'C to + 150'C 
Input Voltage 
Lead Temperature 
(Soldering, 
10 sec.) 
260'C 


Vo = -5V, 
-12V, 
-15V 
-35V 


Internal 
Power Dissipation 
(Note 1) 
Internally 
Limited 


Electrical Characteristics 
(Note 2) TA = O'C to + 70'C unless otherwise 
noted. 


Output 
Voltage 
-5V 
-12V 
-15V 


Input 
Voltage 
(unless 
otherwise 
noted) 
-10V 
-17V 
-20V 
Units 


Symbo 
Parameter 
Conditions 
Mln 
I Typ I Max 
Min 
I Typ I 
Max 
Min TTyp T Max 


Vo 
Output 
Voltage 
Tj = 25'C, 
10 = 100 mA 
-5.2 
-5 
-4.8 
-12.5 
-12 
-11.5 
-15.6 
-15 
-14.4 


1 mA ~ 10 ~ 100 mA 
-5.25 
-4.75 
-12.6 
-11.4 
-15.75 
-14.25 


VMIN ~ VIN ~ VMAX 
(-20 
~ VIN ~ -7.5) 
(-27 
~ VIN ~ -14.8) 
(-30 
~ VIN ~ -18) 
V 


1 mA ~ 10 ~ 40 mA 
-5.25 
-4.75 
-12.6 
-11.4 
-15.75 
-14.25 


VMIN ~ VIN ~ VMAX 
(-20 
~ VIN ~ -7) 
(-27 
~ VIN ~ -14.5) 
(-30 
~ VIN ~ 
-17.5) 


I!J.Vo 
Line Regulation 
Tj = 25'C,10 
= 100 mA 
60 
45 
45 
mV 


VMIN ~ VIN ~ VMAX 
(-20 
~ VIN ~ -7.3) 
(-27 
~ VIN ~ -14.6) 
(-30 
~ VIN ~ -17.7) 
V 


Tj = 25'C, 
10 = 40 mA 
60 
45 
45 
mV 


VMIN ~ VIN ~ VMAX 
(-20';; 
VIN ~ -7) 
(-27 
~ VIN ~ -14.5) 
(-30 
~ VIN ~ -17.5) 
V 


I!J.Vo 
Load Regulation 
Tj = 25'C 
50 
100 
125 
mV 
1 mA ~ 10 ~ 100 mA 


t,vo 
Long Term Stability 
10 = 100mA 
20 
48 
60 
mV/khrs 


IQ 
Quiescent 
Current 
10 = 100 mA 
2 
6 
2 
6 
2 
6 
mA 


I!J.IQ 
Quiescent 
Current 
1 mA ~ 10 ~ 100 mA 
0.3 
0.3 
0.3 


Change 
1 mA ~ 10 ~ 40 mA 
0.1 
0.1 
0.1 
mA 


10 = 100mA 
0.25 
0.25 
0.25 
mA 


VMIN ~ VIN ~ VMAX 
(-20 
~ VIN ~ -7.5) 
(-27 
~ VIN ~ -14.8) 
(-30 
~ VIN ~ -18) 
V 


Vn 
Output 
Noise Voltage Tj = 25'C, 
10 = 100 mA 
40 
96 
120 
JLV 
f = 10Hz 
- 
10kHz 


I!J.VIN 
Ripple Rejection 
Tj = 25'C, 
10 = 100 mA 
50 
52 
50 
dB 
t,vo 
f = 120Hz 


Input Voltage 
Tj = 25'C,10 
= 100 mA 
-7.3 
-14.6 
-17.7 
V 


Required 
to 
10 = 40mA 
-7.0 
-14.5 
-17.5 
V 


Maintain 
Line 


Regulation 


Note 1: Thermal resistance 
of Z package is 60"C/W 
8jc. 23Z'C/W 
8ja at still air, and 88°C/W 
at 400 ft/min 
of air. The M package 8ja is 180"C/W 
in still air. 


The maximum junction temperature 
shall not exceed 
125°C on electrical 
parameters. 


Note 2: To ensure constant junction temperature, 
low duty cycle pulse testing is used. 


Maximum Average Power 
Dissipation (TO-92) 
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t!1National 
Semiconductor 


General Description 


The 
LM337L 
is an adjustable 
3-terminal 
negative 
voltage 


regulator 
capable 
of supplying 
100 mA over a 1.2V to 37V 


output 
range. 
It is exceptionally 
easy 
to use and 
requires 


only 
two 
external 
resistors 
to set the output 
voltage. 
Fur- 


thermore, 
both line and load regulation 
are better than stan- 


dard 
fixed 
regulators. 
Also, 
the 
LM337L 
is packaged 
in a 


standard 
TO-92 
transistor 
package 
which 
is easy to use. 


In addition 
to higher 
performance 
than fixed regulators, 
the 


LM337L 
offers 
full overload 
protection. 
Included 
on the chip 


are current 
limit, thermal 
overload 
protection 
and safe area 


protection. 
All 
overload 
protection 
circuitry 
remains 
fully 


functional 
even if the adjustment 
terminal 
is disconnected. 


Normally, 
only a single 
1 fLF solid tantalum 
output 
capacitor 


is needed 
unless 
the device 
is situated 
more than 6 inches 


from 
the 
input filter 
capacitors, 
in which 
case 
an input 
by- 


pass is needed. 
A larger 
output 
capacitor 
can be added 
to 


improve 
transient 
response. 
The adjustment 
terminal 
can be 


bypassed 
to achieve 
very high ripple 
rejection 
ratios which 


are difficult 
to achieve 
with standard 
3-terminal 
regulators. 


Besides 
replacing 
fixed regulators, 
the LM337L 
is useful in a 


wide 
variety 
of 
other 
applications. 
Since 
the 
regulator 
is 


"floating" 
and sees only the input-to-output 
differential 
volt- 


age, supplies 
of several 
hundred 
volts 
can be regulated 
as 


long as the maximum 
input-to-output 
differential 
is not ex- 
ceeded. 


Also, it makes an especially 
simple adjustable 
switching 
reg- 
ulator, a programmable 
output 
regulator, 
or by connecting 
a 


fixed 
resistor 
between 
the 
adjustment 
and 
output, 
the 


LM337L 
can be used as a precision 
current 
regulator. 
Sup- 


plies with electronic 
shutdown 
can be achieved 
by clamping 


the adjustment 
terminal 
to ground 
which 
programs 
the out- 


put to 1.2V where 
most loads draw little current. 


The 
LM337L 
is available 
in a standard 
TO-92 
transistor 
package 
and a SO-8 surface 
mount 
package. 
The LM337L 


is rated for operation 
over a - 25'C 
to + 125'C 
range. 


For applications 
requiring 
greater 
output 
current 
in excess 


of 0.5A 
and 
1.5A, see 
LM137 
series 
data 
sheets. 
For the 


positive 
complement, 
see series 
LM117 
and LM317L 
data 


sheets. 


Features 


• 
Adjustable 
output 
down 
to 1.2V 


• 
Guaranteed 
100 mA output 
current 


• 
Line regulation 
typically 
0.01 %/V 


• 
Load regulation 
typically 
0.1 % 


• 
Current 
limit constant 
with temperature 


• 
Eliminates 
the need to stock 
many voltages 


• 
Standard 
3-lead 
transistor 
package 


• 
80 dB ripple rejection 


• 
Output 
is short circuit 
protected 


V 


our 108 
~ 
2 
7 
~ 


V,. 3 
6 
V,. 


TL/H/9134-1 
AllJ 4 
5 


Bottom 
View 
TUH/9134-2 


Top View 
Order 
Number 
LM337LM 
or LM337L.Z 
See NS Package 
Number 
M08A or Z03A 


Full output current not available 
at high input-output 
voltages 


-Vour- 
-1.25V(1 
+ 2::n) 


tC1 = 1 p.F solid tantalum 
or 10 JLF aluminum 
electrolytic 
required 
for stability 
, 


·C2 = 1 •.•.F solid tantalum 
is required 
only if regulator 
is more 


than 4" from power supply filter capacitor 


R5 
16kll 
5'1 


+ l;<F 
sOlla 
TANTALU~ 


Trim Procedure: 


-If 
VOUT is -23.08V 
or bigger, cut out R3 (if smaller, don't cut it out). 


-Then 
if VOUT is - 22.4N 
or bigger, cut out R4 (if smaller. don't). 


-Then 
if Your is - 22.16V 
or bigger, cut out RS (if smalter, 
don't). 


This will trim the output to well within 1% of - 22.00 
Voc. without any of the 
expense 
or trouble of a trim pot (see LB-46). Of course, 
this technique 
can 


be used at any output voltage 
level. 


· 
Leaa 
I emperature 
(~Olaenng, 
1usee.) 
~UU"<.; 


Power Dissipation 
Internally 
Limited 
Plastic Package 
(Soldering 
4 sec.) 
260°C 


Input-Output 
Voltage 
Differential 
40V 
ESD rating to be determined. 


Electrical Characteristics 
(Note 1) 


Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


Line Regulation 
TA = 25°C, 3V S IVIN - 
vOUTI s 40V, 
0.01 
0.04 
%/V 
(Note 2) 


Load Regulation 
TA = 25°C, 5 mA s lOUT s IMAX, (Note 2) 
0.1 
0.5 
% 


Thermal 
Regulation 
TA = 25°C, 10 ms Pulse 
0.04 
0.2 
%/W 


Adjustment 
Pin Current 
50 
100 
I-'A 


Adjustment 
Pin Current 
Change 
5 mA s IL s 100 mA 
0.2 
5 
I-'A 
3V s IVIN - 
vOUTI s 40V 


Relerence 
Voltage 
3V s IVIN - 
vOUTI s 40V, (Note 3) 
1.20 
1.25 
1.30 
V 


-/ 
10 mA s lOUT s 100 mA, P s 625 mW 


Line Regulation 
3V s IVIN - 
vOUTI s 40V, (Note 2) 
0.02 
0.07 
%N 


Load Regulation 
5 mA s lOUT s 100 mA, (Note 2) 
0.3 
1.5 
% 


Temperature 
Stability 
TMIN s Tj s TMAX 
0.65 
% 


Minimum 
Load Current 
IVIN - 
vOUTI s 40V 
3.5 
5 
mA 


3V s IVIN - 
vOUTI s 15V 
2.2 
3.5 
mA 


Current 
Limit 
3V S IVIN - 
vOUTI s 13V 
100 
200 
320 
mA 


iVIN - 
vOUTI = 40V 
25 
50 
120 
mA 


Rms Output 
Noise, % 01 VOUT 
TA = 25°C, 10Hz s 1 s 10kHz 
0.003 
% 


Ripple Rejection 
Ratio 
VOUT = -10V, 
F = 120 Hz, CADJ = 0 
65 
dB 


CADJ = 10 I-'F 
66 
80 
dB 


Long-Term 
Stability 
TA = 125°C 
0.3 
1 
% 


Note t: Unlessotherwisespecified,thesespecificationsapply -2S'C " Tj " + 12S'Cfor the LM337L; IVIN- vOUTI~ SVand lOUT~ 40 mA.Althoughpower 
dissipation is internally limited, these specifications 
are applicable 
for power dissipations 
up to 625 mW. lMAX is 100 mA. 


Note 
2: Regulation 
is measured 
at constant junction temperature, 
using pulse testing with a low duty cycle. Changes 
in output voltage due to heating effects are 
covered 
under the specification 
for thermal regulation. 


Note 
3: Thermal 
resistance 
of the TO-92 
package 
is 180°C/W 
junction to ambient with 0.4" 
leads from a PC board and 16rrC/W 
junction to ambient with 0.125" 
lead lengthto PCboard.The M package9JA is 1800C/W 
in still air. 


t!JNational 
Semiconductor 


LM341, LM78MXX Series 
3-Terminal Positive Voltage Regulators 


General Description 


The LM341 
and LM78MXX 
series 
of three-terminal 
positive 


voltage 
regulators 
employ 
built-in 
current 
limiting, 
thermal 


shutdown, 
and safe-operating 
area protection 
which 
makes 


them 
virtually 
immune 
to damage 
from output 
overloads. 


With 
adequate 
heatsinking, 
they 
can 
deliver 
in excess 
of 


O.5A output 
current. 
Typical 
applications 
would 
include 
local 


(on-card) 
regulators 
which 
can eliminate 
the noise 
and de- 


graded 
performance 
associated 
with single-point 
regulation. 


Features 


• 
Output 
current 
in excess 
of O.5A 


• 
No external 
components 


• 
Internal 
thermal 
overload 
protection 


• 
Internal 
short 
circuit 
current-limiting 


• 
Output 
transistor 
safe-area 
compensation 


• 
Available 
in TO-220 
and TO-39 
packages 


• 
Output 
voltages 
of 5V, 12V, and 15V 


TQ-39 
Metal Can Package 
(H) 


OUTPUT 


Bottom 
View 


Order 
Number 
LM78M05CH, 
LM78M12CH 
or LM78M15CH 
See NS Package 
Number 
H03A 


~:::::==:::>:~~;PUT 
L::lY====: 
INPUT 


Top View 


Order 
Number 
LM341T-5.0, 
LM341T·12 
or LM341T-15 
See NS Package 
Number 
T03B 


Absolute Maximum Ratings 
(Note 1) 


If Military/Aerospace 
specified devices are required, 
Storage 
Temperature 
Range 
- 65'C to + 150'C 
please 
contact 
the 
National 
Semiconductor 
Sales 
Operating 
Junction 
Temperature 
Range 
- 40'C to + 125'C 
Office/Distributors for availability and specifications. 
Power Dissipation 
(Note 2) 
Internally 
Limited 
Lead Temperature 
(Soldering, 
10 seconds) 
Input Voltage 
TO-39 
Package 
(H) 
300'C 
5V,;;Vo,;;15V 
35V 
TO-220 
Package 
(T) 
260'C 
ESD Susceptibility 
TBD 


Electrical Characteristics 
Limits 
in standard 
typelace 
are lor 
TJ 
= 
25'C, 
and 
limits 
in boldface type apply 
over 
the 
- 40'C 
to + 125'C 
operating 
temperature 
range. 
Limits 
are guaranteed 
by production 
testing 
or cor~elation 
techniques 
using 
standard 
Statistical 
Quality 
Control 
(SQC) methods. 


LM341-5.0, LM78M05C 
Unlessotherwisespecilied:VIN 
= 
10V,CIN 
= 0.33]LF,CO 
= O.l]LF 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Vo 
Output Voltage 
IL= 500 mA 


" 
4.8 
5.0 
5.2 


5 mA ,;; IL ,;; 500 mA 
V 


Po';; 
7.5W, 7.5V ,;; VIN ,;; 20V 
4.75 
5.0 
5.25 


VR LINE 
Line Regulation 
7.2V ,;; VIN ,;; 25V 
I 
IL = 
100mA 
50 


I 
IL = 500 mA 
100 
mV 


VR LOAD 
Load Regulation 
5 mA ,;; IL ,;; 500 mA 
100 


10 
Quiescent 
Current 
IL = 500 mA 
4 
10.0 


t.1o 
Quiescent 
Current Change 
5 mA ,;; IL ,;; 500 mA 
0.5 
mA 


7.5V ,;; VIN ,;; 25V, IL = 500 mA 
1.0 


Vn 
Output 
Noise Voltage 
I = 
10Hz 
to 100 kHz 
40 
]LV 


t.VIN 
Ripple Rejection 
1= 
120Hz,IL 
= 500mA 
78 
dB 
t.Vo 


VIN 
Input Voltage 
Required 
IL = 500 mA 
7.2 
V 
to Maintain 
Line Regulation 


t.Vo 
Long Term Stability 
IL = 500 mA 
20 
mV/khrs 


Electrical Characteristics 
Limits 
in standard 
typeface 
are for TJ 
= 
25·C, 
and 
limits 
in boldface 
type 
apply 
over 
the 
-40·C 
to + 125·C 
operating 
temperature 
range. 
Limits 
are guaranteed 
by production 
testing 
or correlation 
techniques 
using 
standard 
Statistical 
Quality 
Control 
(SQC) methods. 
(Continued) 


LM341-12, LM78M12C 
Unlessotherwisespecified:VIN 
= 
19V,CIN 
= 0.33 fLF, Co = 0.1 fLF 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


Vo 
Output Voltage 
IL = 500 mA 
11.5 
12 
12.5 


5 mA ,;; IL ,;; 500 mA 
V 


PD ,;; 7.5W, 14.8V';; 
VIN ,;; 27V 
11.4 
12 
12.6 


VA LINE 
Line Regulation 
14.5V ,;; VIN ,;; 30V 
I 
IL=100mA 
120 


I 
IL = 500 mA 
240 
mV 


VA LOAD 
Load Regulation 
5mA,;; 
IL';; 
500mA 
240 


10 
Quiescent 
Current 
IL = 500 mA 
4 
10.0 


<llo 
Quiescent 
Current 
Change 
5 mA ,;; IL ,;; 500 mA 
0.5 
mA 


14.8V ,;; VIN ,;; 30V, IL = 500 mA 
1.0 


Vn 
Output 
Noise Voltage 
f = 
10Hz 
to 100 kHz 
75 
fLY 


<lVIN 
Ripple Rejection 
f = 
120 Hz, IL = 500 mA 
71 
dB 


<lVo 


VIN 
Input Voltage 
Required 
IL = 500 mA 
14.5 
V 
to Maintain 
Line Regulation 


<lVo 
Long Term Stability 
IL = 500 mA 
"" 
48 
mV/khrs 


LM341-15, LM78M15C 
Unless otherwise 
specified: 
VIN = 23V,CIN 
= 0.33 fLF, Co = 0.1 fLF 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


Vo 
Output Voltage 
IL = 500 mA 
14.4 
15 
15.6 


5 mA ,;; IL ,;; 500 mA 
V 


PD ,;; 7.5W, 18V ,;; VIN ,;; 30V 
14.25 
15 
15.75 


VA LINE 
Line Regulation 
17.6V ,;; VIN ,;; 30V 
I 
IL = 
100mA 
150 


I 
IL = 500 mA 
300 
mV 


VA LOAD 
Load Regulation 
5 mA ,;; IL ,;; 500 mA 
300 


10 
Quiescent 
Current 
IL = 500mA 
. 
. 
4 
10.0 


<llo 
Quiescent 
Current 
Change 
5 mA ,;; IL ,;; 500 mA 
0.5 
mA 


18V ,;; VIN ,;; 30V, IL = 500 mA 
1.0 


Vn 
Output 
Noise Voltage 
f=10Hzt0100kHz 
90 
fLY 


<lVIN 
Ripple 
Rejection 
f = 
120 Hz, IL = 500 mA 
69 
dB 
<lVo 


VIN 
Input Voltage 
Required 
IL = 500 mA 
17.6 
V 
to Maintain 
Line Regulation 


<lVo 
Long Term Stability 
IL = 500 mA 
60 
mV/khrs 


Note 
1: Absolute 
maximum 
ratings indicate limits beyond which damage 
to the component 
may occur. Electrical 
specifications 
do not apply when operating 
the 


device 
outside of its rated operating 
conditions. 


Note 
2: The typical thermal 
resistance 
of the three package 
types is: 


T (TO·220) package: 
8(J.A) 
~ 
60 'C/W, 
8(J.C> = 5 'C/W 


H (TO·39) package: 
8(J.A) 
~ 
120 ·C/W. 
8(J.C> 
~ 
18 'C/W 


100 


R19 
R16 
100 
0.5 


VOUT 


R12 
R20 
7k 
lk 
TO 11k 


(4V) 


Rl0 
01 
R18 
850 
500 


R2 
R9 
R7 
4k 
1.9k 
6.5k 


Rtl 
4.97k 
R21 
4k 


Typical Performance 
Characteristics 


Peak Output 
Current 
Ripple Rejection 
Ripple Rejection 


1.50 
I_I. 


100 Iii 


90 


f - 
120 
Hz 


"IN - VOUT = 8 VDC 
1.25 
-{J=~C 
80 
m 
+3.5Vrms 
< 
~ 
80 


I'l 
I 
.. 
lOUT = 500 
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1.00 
z 
z 
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z 
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-........: 
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60 
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70 
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"'" 
u~ 
_ 
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150:;:-"'" 
.0 
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~ 
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5V 
~ 
I 
I 
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20 
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II) 
CD 


"0::: 
Typical Performance 
Characteristics 
(Continued) 
~ 


Line Transient 
Response 
Load Transient 
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Design Considerations 


The LM78MXX/LM341XX 
fixed voltage 
regulator 
series 
has 
built-in 
thermal 
overload 
protection 
which 
prevents 
the de- 
vice from being damaged 
due to excessive 
junction 
temper- 
ature. 


The regulators 
also contain 
internal 
short-circuit 
protection 
which 
limits the maximum 
output 
current, 
and safe-area 
pro- 
tection 
for the pass transistor 
which 
reduces 
the short-cir- 


cuit current 
as the voltage 
across 
the pass transistor 
is in- 


creased. 


Although 
the internal 
power dissipation 
is automatically 
lim- 
ited, the maximum 
junction 
temperature 
of the device 
must 
be kept below + 125°C in order to meet data sheet 
specifi- 
cations. 
An adequate 
heatsink 
should 
be provided 
to assure 


this limit is not exceeded 
under worst-case 
operating 
condi- 
tions 
(maximum 
input 
voltage 
and 
load 
current) 
if reliable 
performance 
is to be obtained. 


TL/H/10484-9 


·Required 
if regulator input is more than 4 inches from input filter capacitor 
(or if no input filter capacitor 
is used). 


• ·OptionaJ for improved 
transient 
response. 


t!JNational 
Semiconductor 


General Description 


The LM723/LM723C 
is a voltage 
regulator 
designed 
primar- 


ily for series 
regulator 
applications. 
By itself, 
it will supply 


output 
currents 
up to 150 mA; but external 
transistors 
can 


be added 
to provide 
any desired 
load 
current. 
The 
circuit 


features 
extremely 
low standby 
current 
drain, and provision 


is made for either 
linear or fold back current 
limiting. 


The LM723/LM723C 
is also useful 
in a wide range of other 


applications 
such as a shunt regulator, 
a current 
regulator 
or 


a temperature 
controller. 


The 
LM723C 
is identical 
to 
the 
LM723 
except 
that 
the 


LM723C 
has 
its 
performance 
guaranteed 
over 
a O'C to 


+ 70'C 
temperature 
range, 
instead 
of - 55'C 
to + 125'C. 


Features 


• 
150 mA output 
current 
without 
external 
pass transistor 


• 
Output 
currents 
in excess 
of 
10A 
possible 
by adding 


external 
transistors 


• 
Input voltage 
40V max 


• 
Output 
voltage 
adjustable 
from 
2V to 37V 


• 
Can be used as either 
a linear or a switching 
regulator 


Metal 
Can Package 


CURRENT 
LIMIT 
NC 
14 
NC 


CURRENT 
LIMIT 
13 
FREQUENCY 
COMPENSATION 


CURRENT 
SENSE 
12 
V· 


INVERTING 
INPUT 
11 
Vc 
NON-INVERTING 
10 
VOUT 
INPUT 


VREF 
Vz 


V· 
NC 


INVERTING 
INPUT 


NON·INVERTING 
INPUT 


Top View 


Order 
Number 
LM723J/883 
or LM723CN 


See NS Package 
J14A 
or N14A 


Note: Pin 5 connected 
to case. 


Top View 


Order 
Number 
LM723H, 
LM723H/883 
or LM723CH 


See NS Package 
Hl0C 


FREOUENCY 


COMPENSATION 
8 


CURRENT 
FREQ COWP 
UWIT 


CURRENT 
, 2 
111 20 
19 


SENSE 
• 
" 
18 
V • 


5 
17 


-'N 
6 
16 
Vc 


7 
15 


"N 
8 
,. 
OUT 
9 
10 
11 12 13 


VREF 
V, 
v- 


TEMPERATURE 
COMPENSATED 
ZENER 


Top View 


Order 
Number 
LM723E/883 


See NS Package 
E20A 


10 
CURRENT 
LIMIT 


1 
CURRENT 
SENSE 
• 


_111 •••.•••' •.•.1•••."1'••.•••"_' •••."_I 
""""'1""'''1''7''"'''l1.oi .•..,.,•••.•.••11•.•••••"'.1.•..• 
,., •...'..........•...... , 
\, .••••••.•••• 'J 
...............•• 


(Note 
9) 
Operating 
Temperature 
Range LM723 
- 55'C to + 150'C 


Pulse Voltage 
from V+ 
to V- 
(50 ms) 
50V 
LM723C 
O'Cto 
+70'C 


Continuous 
Voltage 
from V+ 
to V- 
40V 
Storage 
Temperature 
Range Metal Can 
- 65'C to + 150'C 


Input-Output 
Voltage 
Differential 
40V 
Molded 
DIP - 55'C to + 150'C 


Maximum 
Amplifier 
Input Voltage 
(Either Input) 
8.5V 
Lead Temperature 
(Soldering, 
4 sec. max.) 


Maximum 
Amplifier 
Input Voltage 
(Differential) 
5V 
Hermetic 
Package 
300'C 
Plastic Package 
260'C 
Current 
from Vz 
25mA 
ESD Tolerance 
1200V 
Current 
from VREF 
15mA 
(Human 
body model, 
1.5 kn 
in series 
with 100 pF) 


Electrical Characteristics 
(Notes 2, 9) 
,C 


LM723 
LM723C 
Parameter 
Conditions 
Units 
Min 
Typ 
Max 
Mln 
Typ 
Max 


Line Regulation 
V,N = 12VtoV,N 
= 15V 
0.01 
0.1 
0.01 
0.1 
% Your 
-55'C 
,;; TA ,;; + 125'C 
0.3 
% Your 
O'C';; 
TA';; 
+70'C 
0.3 
% Your 
V,N = 12VtoV,N 
= 40V 
0.02 
0.2 
0.1 
0.5 
% Your 


Load Regulation 
IL = 1 mA to IL = 50 mA 
0.03 
0.15 
0.03 
0.2 
% Your 
-55'C';; 
TA ,;; + 125'C 
0.6 
% Your 
O'C';; 
TA';; 
+70'C 
0.6 
% Your 


Ripple 
Rejection 
f = 50 Hz to 10kHz, 
CREF = 0 
74 
74 
dB 
f = 50 Hz to 10kHz, 
CREF = 5 ,.,.F 
86 
86 
dB 


Average 
Temperature 
Coeffic- 
- 55'C 
,;; TA ,;; + 125'C 
0.002 
0.015 
%/'C 
ient of Output Voltage 
(Note 8) 
O'C';; 
TA';; 
+70'C 
0.003 
0.015 
%/'C 


Short Circuit Current 
Limit 
Rsc = 10n, Your = 0 
65 
65 
mA 


Reference 
Voltage 
6.95 
7.15 
7.35 
6.80 
7.15 
7.50 
V 


Output 
Noise Voltage 
BW = 100 Hz to 10 kHz, CREF = 0 
86 
86 
,.,.Vrms 


BW = 100 Hz to 10 kHz, CREF = 5,.,.F 
2.5 
2.5 
,.,.Vrms 


Long Term Stability 
0.05 
0.05 
%/1000 
hrs 


Standby 
Current 
Drain 
IL = 0, V,N = 30V 
1.7 
3.5 
1.7 
4.0 
mA 


Input Voltage 
Range 
9.5 
40 
9.5 
40 
V 


Output Voltage 
Range 
2.0 
37 
2.0 
37 
V 


Input-Output 
Voltage 
Differential 
3.0 
38 
3.0 
38 
V 


8JA 
Molded 
DIP 
105 
'C/W 


8JA 
Cavity DIP 
150 
'C/W 


8JA 
I, 
H10C Board Mount in Still Air 
165 
165 
'C/W 


8JA 
H10C Board Mount in 400 LF/Min 
Air Flow 
66 
66 
'C/W 


8JC 
22 
22 
'C/W 


Note 
1: See derating curves for maximum 
power rating above 25°C. 


Note 2: Unlessotherwisespecified,TA ~ 25'C, V,N ~ V+ - Vc = 12V,V- 
= 0, VOUT~ 5V, 'L ~ 
1 mA, Rsc = 0, C, = 
100 pF, CREF~ 0 and divider 
impedance 
as seen by error amplifier 
s;:10 kn connected 
as shown in Figure 
1. Line and load regulation specifications 
are given for the condition of constant chip 
temperature. 
Temperature 
drifts must be taken into account 
separately 
for high dissipation conditions. 


Note 
3: L1 is 40 turns of No. 20 enameled 
copper wire wound on Ferroxcube 
P36/22-387 
pot core or equivalent 
with 0.009 
in. air gap. 


Note 
4: Figures in parentheses 
may be used if R1 /R2 
divider is placed on opposite input of error amp. 


Note 
5: Replace 
R1/R2 
in figures with divider shown in Figure 
13. 


Note 
6: V + and Vcc must be connected 
to a + 3V or greater 
supply. 


Note 
7: For metal can applications 
where Vz is required, an external 6.2V zener diode should be connected 
in series with Your. 


Note 
8: Guaranteed 
by correlation 
to other tests. 


Note 
9: A military RETS 
specification 
is available 
on request. At the time of printing, the LM723 
RETS specification 
complied with the Min and Max limits in this 


table. The LM723E, 
H, and J may also be procured as a Standard 
Military Drawing. 


---- - -- ...-._ .._.- 
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Characteristics 
with 
Characteristics 
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Input-output 
Voltage 
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Maximum Power Ratings 


Noise vs Filter Capacitor 
LM723 
LM723C 
(CREF In Circuit 
01 FIgure 
I) 
Power Dissipation vs 
Power Dissipation vs 
(BandWidth 
100Hz 
to 
10kHz) 
Ambient Temperature 
Ambient Temperature 
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III 


TABLE 
I. Resistor 
Values (kO) for Standard 
Output 
Voltage 


Applicable 
Fixed 
Output 
Fixed 
5% Output 
Positive 
Output 
Adjustable 
Negative 
Applicable 
Output 
Adjustable 
Output 
Figures 
±5% 
± 10% (Note 5) 
Output 
Figures 
±5% 
±10% 
Voltage 


(Note 4) 
Rl 
R2 
Rl 
Pl 
R2 
Voltage 
Rl 
R2 
Rl 
Pl 
R2 


+3.0 
1,5,6,9,12 
(4) 
4.12 
3.01 
1.8 
0.5 
1.2 
+100 
7 
3.57 
102 
2.2 
10 
91 


+3.6 
1,5,6,9,12 
(4) 
3.57 
3.65 
1.5 
0.5 
1.5 
+250 
7 
3.57 
255 
2.2 
10 
240 


+5.0 
1,5,6,9,12 
(4) 
2.15 
4.99 
0.75 
0.5 
2.2 
-6 
(Note 6) 
3, (10) 
3.57 
2.43 
1.2 
0.5 
0.75 


+6.0 
1,5,6,9,12 
(4) 
1.15 
6.04 
0.5 
0.5 
2.7 
-9 
3,10 
3.48 
5.36 
1.2 
0.5 
2.0 


+9.0 
2,4, (5, 6, 9,12) 
1.87 
7.15 
0.75 
1.0 
2.7 
-12 
3,10 
3.57 
8.45 
1.2 
0.5 
3.3 


+12 
2,4, (5, 6, 9, 12) 
4.87 
7.15 
2.0 
1.0 
3.0 
-15 
3,10 
3.65 
11.5 
1.2 
0.5 
4.3 


+15 
2,4, (5, 6, 9, 12) 
7.87 
7.15 
3.3 
1.0 
3.0 
-28 
3,10 
3.57 
24.3 
1.2 
0.5 
10 


+28 
2,4, (5, 6, 9,12) 
21.0 
7.15 
5.6 
1.0 
2.0 
-45 
8 
3.57 
41.2 
2.2 
10 
33 


+45 
7 
3.57 
48.7 
2.2 
10 
39 
-100 
8 
3.57 
97.6 
2.2 
10 
91 


+75 
7 
3.57 
78.7 
2.2 
10 
68 
-250 
8 
3.57 
249 
2.2 
10 
240 


TABLE II. Formulae 
for Intermediate 
Output 
Voltages 


Outputs 
from 
+ 2 to + 7 volts 
Outputs 
from 
+ 4 to + 250 volts 
Current 
Limiting 


(Figures 
1, 5, 6, 9, 12, (4j) 
(Figure 
7) 
VSENSE 


VOUT = (VREF X ~ 
) 
(VREF 
R2 - 
R1 ) 
IUMIT= 
--- 


VOUT = 
-2- 
x -R-1- 
; R3 = R4 
Rsc 


R1 + R2 


Outputs 
from 
+ 7 to + 37 volts 
Outputs 
from 
- 6 to - 250 volts 
Foldback 
Current 
Limiting 
(Figures 2, 4, (5, 6, 9, 121) 
(Figures 3, 8, 10) 
I 
_ 
(VOUT R3 
VSENSE(R3 + R4») 


( 
R1 + R2) 
(VREF 
R1 + R2) 
KNEE- 
Rsc R4 
+ 
Rsc R4 
VOUT = 
VREF X ~ 
VOUT = 
-2- 
X --R-1- 
; R3 = R4 


(VSENSE 
R3 + R4) 
ISHORTCKT = 
--- 
x --- 


Rsc 
R4 
. 


Typical Applications 
.h.. 


V,N, 


V' 
Ivcc 


VOUT - 
- 
--- 


VREF 
VOUT - 
VREF 


LM123 
"'" 
REGULATED 
LM723C 
CL 
OUTPUT 
., 
R3 
Rsc 


cs 
LM123 
CL 
REGULATED 
r 


LM123C 
OUTPUT 
.3 
NJ. 
INV. 


tOMP 
-LC110DPF 
CS 
I 


C 


'" 
-::-.2 
"1 


Rl 
'--- N.I. 
INY.1 


TLIH/8563-B 
Y- 
ICOMP 
...l.- 
Cl 


HOle:R3~~ 
Typical Performance 
-,-100PF 
RZ 


Rl + R2 
Regulated Output Voltage 
5Y 
10r minimum temperature 
drift. 
Line Regulation (t.V,N ~ 3V) 
0.5mV 
-=- 
-=- 
Load Regulation (t.I, ~ 50 mAl 
1.5mV 


TLIH/B563-9 


FIGURE 1. Basic Low Voltage 
Regulator 
Rl R2 
Typical Performance 
Hole: R3 ~ --- 
(Vour 
= 2 to 7 Volts) 
Rl + R2 
Regulated Output Voltage 
15V 


for minimum temperature 
drift. 
Line Regulation (6.VJN= 3V) 
1.5mV 


R3 may be eliminated for 
Load Regulation (t.I, ~ 50 mAl 
4.5mV 


minimum component 
count. 


FIGURE 2. Basic High Voltage 
Regulator 


(Vour 
= 7 to 37 Volts) 


YR11' 
V"'" 


V, 


UI1t3 
Cl 
Lll7Z3C 


•• 
os 
3' 


N.l. 


C, 


R3 
., 
V- 
100,f 


3. 


Typical 
Performance 


Regulated Output Voltage 
-15V 


Line Regulation (6.V,N ~ 3V) 
1 mV 


Load Regulation (6.ll ~ 100 mAl 
2 mV 


V" 


R3 
60 


or 
Vcc 


Vou, 


R! 
LM123 
CL 
LMl23C 


CS 
Rsc 


N.i. 
INV. 
REGULATED 
OUTPUT 


Typical Performance 


Regulated Output Voltage 
+ 5V 


Line Regulation (6.V,N - 
3V) 
0.5 mV 
Load Regulation (6.ll - 
1A) 
5 mV 


FIGURE 5. Positive Voltage Regulator 


(External PNP Pass Transistor) 


Typical 
Performance 
Regulated Output Voltage 
+ 15V 
Line Regulation (6.V,N ~ 3V) 
1.5 mV 


Load Regulation (6.ll ~ 1A) 
15 mV 


FIGURE 4. Positive Voltage Regulator 


(External NPN Pass Transistor) 


Typical 
Performance 
Reguiated Output Voltage 
+ 5V 


Line Reguiation (6.V,N ~ 3V) 
0.5 mV 
Load Regulation (6.ll ~ 10 mAl 
1 mV 
Short CircuitCurrent 
20 mA 


V' 
Vu. 


VREF 
VOUT 


Vz 


Rl 
LM1Z3 
CL 
LM1Z3C 
R5 
In 


Typical Performance 


Regulated Output Voltage 
Line Regulation (d V,N = 20V) 
Load Regulation (diL = SO mAl 


+SOV 
1SmV 
20mV 


R510K 


Vcc 


R6 
10K 


Dl12V 
lN1426 
Vz 


R3 
LM123 
CL 
3K 
LM1Z3C 


CS 


N.I. 


R4 
V- 


3K 


Typical Performance 


Regulated 
Output 
Voltage 


Line Regulation (d V,N = 20V) 
Load Regulation (diL = 100 mAl 


-IOOV 
3DmV 
20mV 


R5 
3K 


or 
Yee 


VREF 
YOUT 


II~.~ 
mH 


01 
lN2011 


R6 
':" 


LM123 
51 
REGULATED 
LM123C 
CL 
OUTPUT 


CS 


R31K 
rC2100"F 
N.I. 
INY. 


R4 
Y- 
COMP 


1M 


Typical Performance 
Regulated Output Voltage 


Line Regulation 
(.6.VIN = 30V) 
Load Regulation (t.IL ~ 2A) 


+5V 
10mV 
80mV 


or 
Yee 
1K 


R2 
R6 


VREF 
VOUT 
220 


01 


T1 
lN20n 
Yz 
2N5455 
':" 
LM123 
CL 
III 


LM123C 
II~.~ 
mH 
CS 


R31K 
N.I. 
INY. 
REGULATED 
OUTPUT 


R4 
Y- 
COMP 
Rl 
1M 
C115 pF 
C2 
~ 
Jl0M 


TLIH/8563-17 


Typical 
Performance 
Regulated Oulpul Voltage 
-15V 


Line Regulation (t.VIN ~ 20V) 
8 mV 


Load Regulation (aiL = 2A) 
6 mV 


Note: Current limit transistor may be 
used for shutdown if current lim- 
iting is not required. 


LM723 
CL 
LM723C 


CS 


INV. 


R3 


CQMP 
2K 
R4 


Tl 
2K 


Cl 
2N3646 
T1nF 
':" 


Typical 
Performance 
Regulated Output Voltage 
Line Regulation (6.V,N ~ 3V) 
Load Regulation (6.IL ~ SOmAl 


+SV 
O.SmV 
1.SmV 


VREF 
VOOT 


R31DO 


Rl 
Vz 


LM723 
CL 
LM723C 


CS 
':" 


Typical Performance 
Regulated Output Voltage 
Line Regulation (6.V,N = 10V) 
Loed Regulation (6.IL ~ 100 mAl 


+SV 
O.SmV 
1.SmV 


FIGURE 13. Output 
Voltage 
Adjust 
(See Note 
5) 


6 VOUT 


03 


Vz 


4 VREf 


9 COIotPENSATION 


409 
R16 
R24 
10 CURRENT 


400 
L11ot1T 


11.89k 
R17 
1· CURRENT 
SENSE 


2 INVERTING 
INPUT 


3 NON-INVERTING 


INPUT 


Q25 
• 


1k 


160 
1.7k 
300 
300 
R23 
R22 
R7 
10k 
RIO 
5..- 


TL/H/8563-1 


General Description 


The LM78LXX 
series of three 
terminal 
positive 
regulators 
is 


available 
with 
several 
fixed 
output 
voltages 
making 
them 


useful 
in a wide range 
of applications. 
When 
used as a ze- 
ner diode/resistor 
combination 
replacement, 
the LM78LXX 


usually 
results 
in an effective 
output 
impedance 
improve- 
ment of two orders 
of magnitude, 
and lower quiescent 
cur- 


rent. These 
regulators 
can provide 
local on card regulation, 
eliminating 
the distribution 
problems 
associated 
with single 
point regulation. 
The voltages 
available 
allow the LM78LXX 
to be used in logic systems, 
instrumentation, 
HiFi, and other 
solid state electronic 
equipment. 


The LM78LXX 
is available 
in the metal three-lead 
TO-39(H) 
package, 
the 
plastic 
TO-92 
(Z) package, 
and 
the 
plastic 


SO-8 (M) package. 
With adequate 
heat sinking the regulator 


can deliver 
100 mA output 
current. 
Current 
limiting 
is includ- 
ed to limit the peak output 
current 
to a safe value. Safe area 
protection 
for the output transistors 
is provided 
to limit inter- 
nal power dissipation. 
If internal 
power dissipation 
becomes 


too high for the heat sinking 
provided, 
the thermal 
shutdown 


circuit 
takes 
over preventing 
the IC from 
overheating. 


(TO-39) 
Metal Can Package 
(H) 


~OUTPUT 
'"'''fr~'' 


Bottom 
View 


Order 
Number 
LM78L05ACH, 


LM78L 12ACH or LM78L 15ACH 
See NS Package 
Number 
H03A 


Features 


• 
Output 
voltage 
tolerances 
of 
±5% 
(LM78LXXAC) 
over 
the temperature 
range 


• 
Output 
current 
of 100 mA 


• 
Internal 
thermal 
overload 
protection 


• 
Output 
transistor 
safe area protection 


• 
Internal 
short 
circuit 
current 
limit 


• 
Available 
in plastic 
TO-92 
and 
metal 
TO-39 
and plastic 


SO-8 low profile 
packages 


• 
No external 
components 


• 
Output 
voltages 
of 5.0V, 6.2V, 8.2V, 9.0V, 
12V, 15V 


SO-8 Plastic (M) 
(Narrow 
Body) 


VOUT" 
8 
GND 
2 
7 


GND 
3 
6 


Ne 
4 
5 


Top View 


Order 
Number 
LM78L05ACM, 
LM78L 12ACM or LM78L 15ACM 
See NS Package 
Number 
M08A 


(T0-92) 
Plastic Package 
(Z) 


OUTP~PUT 
GNK/ 


Bottom 
View 


Order Number 
LM78L05ACZ, 
LM78L09ACZ, 


LM78L 12ACZ, LM78L 15ACZ, 
LM78L62ACZ 
or LM78L82ACZ 
See NS Package 
Number 
Z03A 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Storage 
Temperature 
-65°C 
to + 150°C 
please 
contact 
the 
National 
Semiconductor 
Sales 
Operating 
Junction 
Temperature 
O°C to + 125°C 
Office/Distributors 
for 
availability 
and 
specifications. 
Lead Temperature 
(Soldering, 
10 seconds) 
265°C 
Power Dissipation 
(Note 5) 
Internally 
Limited 
ESD Susceptibility 
(Note 2) 
2kV 
Input Voltage 
35V 


LM78LXXAC 
Electrical Characteristics 
Limits in standard 
typeface 
are for TJ = 25°C, bold 
typeface 
applies 
over 
the O°C to + 125°C temperature 
range. 
Limits are 
guaranteed 
by production 
testing 
or correlation 
techniques 
using 
standard 
Statistical 
Quality 
Control 
(SQC) 
methods. 
Unless 
otherwise 
specified: 
10 = 
40 mA, CI = 
0.33 !,-F, Co 
= 
0.1 !,-F. 


LM78L05AC 
Unless otherwise 
specified, 
VIN = 
10V 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Vo 
Output Voltage 
4.8 
5 
5.2 


7V ~ VIN ~ 20V 


1 mA ~ 10 ~ 40 mA 
4.75 
5.25 
V 
(Note 3) 


1 mA ~ 10 ~ 70 mA 
4.75 
5.25 
(Note 3) 
,' 


t:.vo 
Line RegUlation 
7V ~ VIN ~ 20V 
18 
75 


8V ~ VIN ~ 20V 
10 
54 
mV 
avo 
Load Regulation 
1 mA ~ 10 ~ 100 mA 
20 
60 


1 mA ~ 10 ~ 40 mA 
5 
30 


la 
Quiescent 
Current 
3 
5 


ala 
Quiescent 
Current 
Change 
8V ~ VIN ~ 20V 
1.0 
mA 


1 mA ~ 10 ~ 40 mA 
0.1 


Vn 
Output 
Noise Voltage 
f= 
10Hzt0100kHz 
40 
!'-V 
(Note 4) 


aVIN 
Ripple 
Rejection 
f=120Hz 
47 
62 
dB 
aVOUT 
8V ~ VIN ~ 16V 


IpK 
Peak Output Current 
140 
mA 


aVo 
Average 
Output Voltage 
Tempco 
10 = 5 mA 
-0.65 
mvrc 
aT 


VIN 
Minimum 
Value of Input Voltage 
6.7 
7 
V 
(Min) 
Required 
to Maintain 
Line Regulation 
• 


LM78LXXAC 
Electrical Characteristics 


Limits in standard 
typeface 
are for TJ = 25°C, bold 
typeface 
applies 
over 
the O"C to + 125°C temperature 
range. 
Limits are 


guaranteed 
by production 
testing 
or correlation 
techniques 
using standard 
Statistical 
Quality 
Control 
(SQC) 
methods. 
Unless 
otherwise 
specified: 
10 = 
40 mA, CI = 
0.33 ,...F, Co 
= 
0.1 ,...F. (Continued) 


LM78L62AC 
Unless otherwise 
specified, 
VIN = 
12V 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Vo 
Output Voltage 
5.95 
6.2 
6.45 


8.5V ,;; VIN ,;; 20V 


1 mA ,;; 10 ,;; 40 mA 
5.9 
6.5 
V 


(Note 3) 


1 mA ,;; 10 ,;; 70 mA 
5.9 
6.5 
(Note 3) 


AVo 
Line Regulation 
, 


8.5V ,;; VIN ,;; 20V 
65 
175 


9V,;; 
VIN';; 
20V 
55 
125 


mV 
t.vo 
Load Regulation 
1 mA ,;; 10 ,;; 100 mA 
13 
80 


1 mA ,;; 10 ,;; 40 mA 
6 
40 


IQ 
Quiescent 
Current 
2 
5.5 


AIQ 
Quiescent 
Current 
Change 
8V,;; 
VIN';; 
20V 
1.5 
mA 


1 mA ,;; 10 ,;; 40 mA 
0.1 


Vn 
Output 
Noise Voltage 
f=10Hzt0100kHz 
50 
. 
(Note 4) 


,...V 


AVIN 
Ripple Rejection 
f = 
120Hz 
40 
46 


AVOUT 
10V ,;; VIN ,;; 20V 
dB 


IpK 
Peak Output Current 
140 
mA 


AVo 
Average 
Output Voltage 
Tempco 
10 = 5mA 
-0.75 
mvrc 
AT 


VIN 
Minimum 
Value of Input Voltage 
7.9 
V 
(Min) 
Required 
to Maintain 
Line Regulation 


LM78LXXAC 
Electrical Characteristics 
Limits in standard 
typeface 
are for TJ = 25'C, 
bold 
typeface 
applies 
over 
the O'C to + 125'C 
temperature 
range. 
Limits are 
guaranteed 
by production 
testing 
or correlation 
techniques 
using 
standard 
Statistical 
Quality 
Control 
(SQC) 
methods. 
Unless 
otherwise 
specified: 
10 = 40 mA, CI = 0.33 !-LF,Co = 0.1 !-LF.(Continued) 


LM78L82AC 
Unless otherwise 
specified, 
VIN = 14V 


Symbol 
Parameter 
Conditions 
Min'> 
Typ 
Max 
Units 


Vo 
Output 
Voltage 
7.87 
8.2 
8.53 


11V S;; VIN S;; 23V 


1 mA S;; 10 S;; 40 mA 
7.8 
8.6 
V 
(Note 3) 


1 mA S;; 10 
S;; 70 mA 
7.8 
8.6 
(Note 3) 


!lVo 
Line Regulation 
11V S;; VIN S;; 23V 
80 
175 


12V S;; VIN S;; 23V 
70 
125 
mV 
!lVo 
Load Regulation 
1 mA S;; 10 
S;; 100 mA 
15 
80 


1 mA S;; 10 
S;; 40 mA 
8 
40 


la 
Quiescent 
Current 
2 
5.5 


!lla 
Quiescent 
Current 
Change 
12V S;; VIN S;; 23V 
1.5 
mA 


1 mA S;; 10 
S;; 40 mA 
0.1 


Vn 
Output 
Noise Voltage 
f = 10Hz 
to 100 kHz 
60 
!-LV 
(Note 4) 


!lVIN 
Ripple Rejection 
f = 120Hz 
39 
45 
dB 
!lVOUT 
12V S;; VIN S;; 22V 


IpK 
Peak Output Current 
140 
mA 


!lVo 
Average 
Output Voltage 
Tempco 
10 = 5mA 
-0.8 
mVI'C 
!lT 


VIN 
Minimum 
Value of Input Voltage 
9.9 
V 
(Min) 
Required 
to Maintain 
Line Regulation 
• 


otherwise 
specified: 
10 = 40 mA, CI = 0.33 J.LF,Co = 0.1 J.LF.(Continued) 


LM78L09AC 
Unless otherwise 
specified, 
VIN = 15V 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Units 


Va 
Output Voltage 
8.64 
9.0 
9.36 


11.5V';; 
VIN';; 
24V 
1 mA ,;; 10 ,;; 40 mA 
8.55 
9.45 
V 
(Note 3) 


1 mA ,;; 10 ,;; 70 mA 
8.55 
9.45 
(Note 3) 


AVo 
Line Regulation 
11.5V ,;; VIN ,;; 24V 
100 
200 


13V ,;; VIN ,;; 24V 
90 
150 
mV 


AVo 
Load Regulation 
1 mA ,;; 10 ,;; 100 mA 
20 
90 


1 mA ,;; 10 ,;; 40 mA 
10 
45 


la 
Quiescent 
Current 
2 
5.5 


Ala 
Quiescent 
Current Change 
11.5V ,;; VIN ,;; 24V 
1.5 
mA 


1 mA ,;; 10 ,;; 40 mA 
0.1 


Vn 
Output 
Noise Voltage 
70 
J.LV 


AVIN 
Ripple 
Rejection 
f = 120 Hz 
38 
dB 


AVOUT 
15V,;; 
VIN ,;; 25V 
44 


IpK 
Peak Output Current 
140 
mA 


AVo 
Average 
Output Voltage 
Tempco 
10 = 5mA 
-0.9 
mV/"C 
AT 


VIN 
Minimum 
Value of Input Voltage 
10.7 
V 
(Min) 
Required 
to Maintain 
Line Regulation 


LM78LXXAC 
Electrical Characteristics 
Limits in standard 
typeface 
are for TJ = 25"C, bold typeface 
applies 
over the O"C to + 12S"C temperature 
range. 
Limits are 
guaranteed 
by production 
testing 
or correlation 
techniques 
using 
standard 
Statistical 
Quality 
Control 
(SQC) 
methods. 
Unless 
otherwise 
specified: 
10 = 40 mA, C, = 0.33 fLF, Co = 0.1 fLF. (Continued) 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


Vo 
Output Voltage 
11.5 
12 
12.5 


14.5V';; 
VIN ,;; 27V 
1 mA ,;; 10 ,;; 40 mA 
11.4 
12.6 
V 


(Note 3) 


1 mA ,;; 10 ,;; 70 mA 
11.4 
12.6 
(Note 3) 


!:I.Vo 
Line Regulation 
14.5V ,;; VIN ,;; 27V 
30 
180 


16V ,;; VIN ,;; 27V 
20 
110 
mV 
!:I.Vo 
Load Regulation 
1 mA ,;; 10 ,;; 100 mA 
30 
100 


1 mA ,;; 10 ,;; 40 mA 
10 
50 


IQ 
Quiescent 
Current 
3 
5 


!:I.IQ 
Quiescent 
Current Change 
16V ,;; VIN ,;; 27V 
1 
mA 


1 mA ,;; 10 ,;; 40 mA 
0.1 


Vn 
Output 
Noise Voltage 
80 
fLY 


!:I.VIN 
Ripple 
Rejection 
f = 120 Hz 
40 
54 
dB 
!:I.VOUT 
15V ,;; VIN ,;; 25V 


IpK 
Peak Output Current 
140 
mA 


!:I.Vo 
Average 
Output Voltage 
Tempco 
10 = 5mA 
-1.0 
mV/"C 
!:I.T 


VIN 
Minimum 
Value of Input Voltage 
13.7 
14.5 
V 
(Min) 
Required 
to Maintain 
Line Regulation 
• 


LM78LXXAC 
Electrical Characteristics 
Limits in standard 
typeface 
are for TJ = 25°C, bold typeface 
applies 
over the OOCto + 125°C temperature 
range. 
Limits are 
guaranteed 
by production 
testing 
or correlation 
techniques 
using 
standard 
Statistical 
Quality 
Control 
(SQC) 
methods. 
Unless 
otherwise 
specified: 
10 = 40 mA, CI = 0.33 J.LF,Co = 0.1 J.LF.(Continued) 


LM78L 15AC Unless otherwise 
specified, 
VIN = 23V 


Symbol 
. 
Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


Vo 
Output Voltage 
14.4 
15.0 
15.6 


17.5V ,;; VIN ,;; 30V 


1 mA ,;; '0 ,;; 40 mA 
14.25 
15.75 
V 
(Note 3) 


1 mA ,;; 10 ,;; 70 mA 
14.25 
15.75 
(Note 3) 


t:..vo 
Line Regulation 
17.5V ,;; VIN ,;; 30V 
37 
250 


20V ,;; VIN ,;; 30V 
25 
140 
mV 


!lVo 
Load Regulation 
1 mA ,;; '0 ,;; 100 mA 
35 
150 


1 mA ,;; '0 ,;; 40 mA 
12 
75 


10 
Quiescent 
Current 
, 
3 
5 


!llo 
Quiescent 
Current 
Change 
20V ,;; VIN ,;; 30V 
1 
mA 


! 
1 mA,;; 
'0';; 
40mA 
0.1 


Vn 
Output 
Noise Voltage 
90 
J.LV 


!lVIN 
Ripple Rejection 
f = 120Hz 


!lVOUT 
18.5V';; 
VIN ,;; 28.5V 
37 
51 
dB 


IpK 
Peak Output Current 
140 
mA 


!lVo 
Average 
Output Voltage 
Tempco 
10 = 5mA 
-1.3 
mvrc 
!IT 


VIN 
Minimum 
Value of Input Voltage 
16.7 
17.5 
V 
(Min) 
Required 
to Maintain 
Line Regulation 


Note 
1: Absolute 
Maximum 
Ratings 
indicate 
limits beyond 
which damage 
to the device 
may occur. Electrical 
specifications 
do not apply when operating 
the device 


outside 
of its stated 
operating 
conditions. 


Note 
2: Human 
body model, 
1.5 kO in series with 100 pF. 


Note 
3: Power dissipation 
~ O.75W. 


Note 
4: Recommended 
minimum load capacitance 
of 0.01 
J.l-F to limit high frequency 
noise. 


Note 
5: Typical thermal resistance 
values for the packages 
Bre: 
H Package: Rth(J-C) ~ 26 'C/W, 
Rth(J-A) 
~ 
120 'C/W 
Z Peckage: 
Rth(J-C) 
~ 60 'C/W, 
Rth(J-A) 
~ 230 'C/W 
M Package: Rth(J-A) 
~ 
180 'C/W 


Typical Performance Characteristics 


Maximum Average Power 
Maximum Average Power 


10 Dissipation (Z Package) 
Dissipation (H Package) 
Peak Output Current 
10 
400 
I 
~VOUT -100mY 


S.O 
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~ 
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2 
FREE ~'R 
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Q 
I 
FROM PC BOARD 
I 
I 
FREE AIR 
0.1 
0.1 


0 
15 
'0 
4S 
60 
7S 
0 
IS 
30 
4S 
60 
7S 
0 
S 
10 
IS 
ZO 
ZS 
30 


AMBIENT TEMPERATURE 
I"CI 
AMBIENT TEMPERATURE 
I"CI 
INPUT·OUTPUT DIFFERENTIAL 
IVI 


TUH/7744-4 


Dropout Voltage 
Ripple Rejection 
10 Output Impedance 


I.S 
100 


E 
I 
I 
V1N '" lOV 


1~'~70~AH+ 
S.O 
Your" 5Y 
c 
Z.O ..•;;;;;f- 
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a; 
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I 
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I 
I-- -f- 


TA, ~ ~rc 
I 


0 
0.1 


0 
ZS 
so 
7S 
100 
llS 
10 
100 
1k 
10k 
lOOk 
10 
100 
1k 
10k 
lOOk 
1M 


JUNCTION TEMPERATURE 
fOCI 
FREQUENCY 
(Hf) 
FREQUENCY 
(Hz) 


TLiH/7744-5 


Quiescent Current 
Quiescent Current 


4.0 
3.4 


3.B 
3.3 
VIN "'lOV 
_ 


C 
3.6 
C 
Your -5V 


oS 
oS 
32 
lOUT"'40mA- 


0- 
3.4 
0- 
3.1 I"'-.. 
z 
~ 
~ 
3.Z 
3.0 


~ 
'" 
"""- 
3.0 
~ 
Z.8 


0- 
I.B 


0- 
Z.B 
I"'-.. 
z 
I 
~ 
u 
Z.B 
!:! 
Z.7 
....•.••.. 
~ 
.••..••... 
:; 
Z.4 
Vour -sv 
:; 
U 
Q 
louT-qmA 
Q 
...•.•... 


12 
TJ·2~C 
Z.S 


Z.O 
Z.4 
S 
'0 
IS 
ZO 
ZS 
30 
0 
16 
SO 
7S 
100 
12S 
'SO 


INPUT VOLTAGE IV) 
JUNCTION TEMPERATURE 
('CI 
TlIH/7744-6 • 


Cl 
5 pf 
R12 
R2 
l.4lk 


Rl 
R8 
Ilk 
15k 


01 
02 


all 


Rl 
R5 
l.89k 
1.8k 


TlIH17744-8 


·Required 
if the regulator is located more than 3· 
from the power supply 


fIItel. 


•• See Note 4 in the electrical characteristics table. 
VOUT - 
5V + (5V/R1 + la) R2 


5V/R1 
> 3 la, load regulation 
(L.,) ;:: 
[(R1 + R2)/R1] 
(L., of LM78L05) 


lOUT - 
(YOUT/AI) 
+ 10 


> 10 = 1.5 mA over line and load changes 


5V, 500 mA Regulator 
with Short Circuit 
Protection 


01" 
1.1 
2N4033 


··Heat 
sink 01. 


···Optional: 
Improves 
ripple rejection 
and transient 
response. 


Load Aegulation: 
0.6% 0 ,; IL ,; 250 mA pulsed with toN = 50 ms. 


R4f 
'=' 
RS 


·Solid tantalum. 


VOUT = VG + 5V, Al 
- 
(-VIN/lo 
LM7SLOS) 


VOUT - 
5V (A2/A4) 
for (A2 + A3) = (A4 + AS) 


A 0.5V output will correspond 
to (A2/A4) 
- 
0.1 (A3/A4) 
- 
0.9 


• 


>< 
>< 
~ f:}1National 
Semiconductor 


General Description 


The LM78XX 
series 
of three terminal 
regulators 
is available 


with several 
fixed 
output 
voltages 
making 
them 
useful 
in a 


wide 
range 
of applications. 
One 
of these 
is local 
on card 


regulation, 
eliminating 
the distribution 
problems 
associated 


with 
single 
point 
regulation. 
The 
voltages 
available 
allow 


these 
regulators 
to be used in logic systems, 
instrumenta- 
tion, 
HiFi, 
and 
other 
solid 
state 
electronic 
equipment. 
Al- 


though 
designed 
primarily 
as fixed voltage 
regulators 
these 


devices 
can 
be used 
with 
external 
components 
to obtain 
adjustable 
voltages 
and currents. 


The LM78XX 
series 
is available 
in an aluminum 
TO-3 pack- 
age which 
will allow over 1.0A load current 
if adequate 
heat 


sinking 
is provided. 
Current 
limiting 
is included 
to limit the 


peak output 
current 
to a safe value. Safe area protection 
for 
the output 
transistor 
is provided 
to limit internal 
power dissi- 


pation. 
If internal 
power 
dissipation 
becomes 
too 
high for 


the 
heat 
sinking 
provided, 
the 
thermal 
shutdown 
circuit 


takes 
over preventing 
the IC from 
overheating. 


Considerable 
effort 
was expanded 
to make the LM78XX 
se- 
ries 
of 
regulators 
easy 
to 
use 
and 
mininize 
the 
number 


of external 
components. 
It is not necessary 
to bypass 
the 


output, 
although 
this does improve 
transient 
response. 
Input 


bypassing 
is needed 
only if the regulator 
is located 
far from 


the filter capacitor 
of the power 
supply. 


For output 
voltage 
other 
than 5V, 12V and 15V the LM117 


series 
provides 
an output 
voltage 
range from 
1.2V to 57V. 


Features 


• 
Output 
current 
in excess 
of 1A 


• 
Internal 
thermal 
overload 
protection 


• 
No external 
components 
required 


• 
Output 
transistor 
safe area protection 


• 
Internal 
short 
circuit 
current 
limit 


• 
Available 
in the aluminum 
TO-3 
package 


Voltage Range 


LM7805C 
5V 


LM7812C 
12V 


LM7815C 
15V 


Metal 
Can Package 
TO-3(K) 
Aluminum 


OUTPUOGHO 
o 
0 


INPUT 


Bottom 
View 


Order 
Number 
LM7805CK, 


LM7812CK 
or LM7815CK 
see NS Package 
Number 
KC02A 


Plastic 
Package 
TO-220(T) 


A" 
"'-[?J 
~ 


: :~:PUT 
,.•. 


INPUT 


Top View 


Order 
Number 
LM7805CT, 


LM7812CT 
or LM7815CT 
See NS Package 
Number 
T03B 


Absolute Maximum Ratings 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Maximum 
Junction 
Temperature 
please 
contact 
the 
National 
Semiconductor 
Sales 
(K Package) 
lS0·C 


Office/Distributors 
for availability 
and specifications. 
(T Package) 
lS0·C 


InputVoltage(Vo 
= SV,12Vand 
lSV) 
3SV 
Storage 
Temperature 
Range 
- 6S·C to -'- lS0·C 


Internal 
Power Dissipation 
(Note 1) 
Internally 
Limited 
Lead Temperature 
(Soldering, 
10 sec.) 


Operating 
Temperature 
Range (TAl 
O·Cto 
+70·C 
TO-3 Package 
K 
300·C 


TO·220 
Package 
T 
230·C 


Electrical Characteristics 
LM78XXC 
(Note 2) O·C ,;; Tj ,;; 12S'C unless otherwise 
noted. 


Output Voltage 
SV 
12V 
lSV 


Input Voltage (unless otherwise 
noted) 
10V 
19V 
23V 
Units 


Symbol 
Parameter 
Conditions 
Mln I Typ I Max 
Mln I Typ I Max 
Mln I Typ I Max 


Va 
Output Voltage 
Tj = 25'C, 5 mA ,;; 10 ,;; 1A 
4.8 
5 
5.2 
11.5 
12 
12.5 
14.4 
15 
15.6 
V 


Po';; 
15W,5mA';; 
10';; lA 
4.75 
5.25 
11.4 
12.6 
14.25 
15.75 
V 


VMIN ,;; VIN ,;; VMAX 
(7.5 ,;; VIN ,;; 20) 
(14.5';; 
VIN ,;; 27) 
(17.5';; 
VIN ,;; 30) 
V 


I!.Vo 
Line Regulation 
10 = 500mA 
Tj = 25'C 
3 
50 
4 
120 
4 
150 
mV 


I!.VIN 
(7';; 
VIN';; 
25) 
14.5';; 
VIN ,;; 30) 
(17.5';; 
VIN ,;; 30) 
V 


O'C ,;; Tj ,;; + 125·C 
SO 
120 
150 
mV 


I!.VIN 
(8';; 
VIN';; 
20) 
(15';; 
VIN ,;; 27) 
(18.5';; 
VIN ,;; 301 
V 


10';; lA 
Tj = 25'C 
SO 
120 
150 
mV 


I!.VIN 
(7.5';; 
VIN ,;; 20) 
(14.6 ,;; VIN ,;; 27) 
(17.7';; 
VIN ,;; 30) 
V 


O·C ,;; Tj ,;; + 125·C 
25 
60 
75 
mV 


I!.VIN 
(8';; 
VIN';; 
12) 
(16';; 
VIN ,;; 22) 
(20 ,;; VIN ,;; 26) 
V 


I!.Vo 
Load Regulation 
Tj = 25'C 
5 mA ,;; 10 ,;; 1.5A 
10 
50 
12 
120 
12 
150 
mV 


250 mA ,;; 10 ,;; 750 mA 
25 
60 
75 
mV 


5mA';; 
10';; lA,O'C';; 
Tj,;; 
+125·C 
50 
120 
150 
mV 


IQ 
Quiescent 
Current 
10';; lA 
Tj = 25'C 
8 
8 
8 
mA 


O'C,;; Tj,;; 
+ 125'C 
8.5 
8.S 
8.5 
mA 


I!.IQ 
Quiescent 
Current 
5mA';; 
10';; lA 
0.5 
0.5 
0.5 
mA 


Change 
Tj = 25·C, 10 ,;; lA 
1.0 
1.0 
1.0 
mA 


VMIN ,;; VIN ,;; VMAX 
(7.5 ,;; VIN ,;; 20) 
(14.8';; 
VIN';; 27) 
(17.9 ,;; VIN ,;; 30) 
V 


10';; 500 mA, O'C ,;; Tj ,;; + 125'C 
1.0 
1.0 
1.0 
mA 


VMIN ,;; VIN ,;; VMAX 
(7';; 
VIN';; 
25) 
(14.5';; 
VIN';; 30) 
(17.5';; 
VIN ,;; 30) 
V 


VN 
Output Noise Voltage 
TA = 25'C, 10Hz,;; 
I,;; 
100kHz 
40 
75 
90 
,...V 


I!.V,N 
Ripple Rejection 
{ 
10 ,;; 1A, Tj = 25'C or 
62 
80 
55 
72 
54 
70 
dB 


I!.VOUT 
1 = 120Hz 
10';; 500mA 
62 
55 
54 
dB 


O'C ,;; Tj ,;; + 125'C 


VMIN ,;; VIN ,;; VMAX 
(8';; 
VIN';; 
18) 
(15';; 
VIN ,;; 25) 
(18.5';; 
VIN ,;; 28.5) 
V 


Ro 
Dropout Voltage 
Tj = 25·C, lOUT = 1A 
2.0 
2.0 
2.0 
V 


Output Resistance 
1 = 1 kHz 
8 
18 
19 
m!l 


Short-Circuit 
Current 
Tj = 25'C 
2.1 
1.5 
1.2 
A 
Peak Output Current 
Tj = 25'C 
2.4 
2.4 
2.4 
A 


Average TC 01VOUT 
O'C ,;; Tj ,;; + 125'C, 10 = 5 mA 
0.6 
1.5 
1.8 
mVrC 


VIN 
Input Voltage 


Required to Maintain 
Tj = 25'C, 10 ,;; lA 
7.5 
14.6 
17.7 
V 
Line Regulation 


lIote 1: Thermalresistance01the 1'0-3 package(K, KC) is typically4'CIW 
junctionto casa and 3S'CIW 
casa to ambiant.Tharmalrasistancaof tha 1'0-220 


package en is typically 4°C/W junction to case and 500C/W case to ambient. 


Note 2: All characteristics afe measured with capacitor across the input of 0.22 ,.a.F, and a capacitor across the output of O.1,...F. 
All characteristics except noise 


voltage and ripple rejection ratio are measured using pulse techniques (tw s; 10 ms, duty cycle s; 5%). Output voltage changes due to changes in i'ltemal 
temperature must be taken into account separately. 


• 
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Typical Performance Characteristics 
:E 
..J 
Maximum Average Power 
Maximum Average Power 
Dissipation 
Dissipation 


2S 
T03 
2S 
II 
I I 
I 
TO·220 
I-- 
INFINITE 


20 
HEAT 
SINK 
20 
INFINITE 
HEAT 
SINK 
!: 
!: 
~ 
I 
I 
1\ 
z" 
;: " 
;: 
IS 
'" 
WITH 
10 elW HEAT 
SINK 
~ 
~ 
-,......., I 
1\ 
~ 
c; 
'0 
\ 
10 
'" 
I 
l"l 
'" 
WITH 
10 ctw HEAT 
SINK 
~ 
NO HEAT 
SINK 
•...••. 
it 
'"t"+-i-l.L I 
l< 
S 
l< 
S 
"t-I--L 
........ 


NO HEAT SINK 
II 
I 
II 
I 


0 


1 
I-t-:: 
0 


-15 -so -25 
0 
2S 
50 
75 
100 125 
0 
2S 
50 
15 


AMBIENT 
TEMPERATURE 
I C) 
AMBIENT 
TEMPERATURE 
( C) 


Output Voltage (Normalized 
to 1V at Tj = 25'C) 
Ripple Rejection 


1.010 
100 I 


:> 
VIN - Vour" 
5V 
~ 1.005 
IOUT"5mA 
- 


80 
~ 
1 
....., 
- 


~D.995 
'\ 
i5 
60 


~ 0.990 
~ 
~ 0.985 
40 
Your "'15v 


, 
:: 
~ 
0.980 
V'N-VOUT' 
8 V~C 1UI~I!~,f 
'" 
I 
"' 
20 
lOUT" 
1A 
~o.915 
Ti' ~~,,~ 
"""" 
." 
"'''' 
0.910 
0 
-15 
-50 -25 
0 
25 
5075100125150 
10 
100 
•• 
10k 
lOOk 


JUNCTION 
TEMPERATURE 
j C) 
FREQUENCY 
1Hz) 


Peak Output Current 


3.5 
o.VOUT" 
10~V 
3 
5 
25 
\.r,)~T)'OC 
f- 
~ 
~ 
2 - 
B 
l.--i'.. 
~ 
~ 
1.5 


~T'=l~ 
~ 
=>~ 
1 1 
~ 
=> 


J 
I 
" 
" 
0.5 


o 
o 
5 
10 
15 
20 
25 
30 
35 


INPUT TO OUTPUT 
DIFFERENTIAL 
(VI 


I" 
120 Hz 


60 
-VIN-VOUT" 
8 Vac + 3.5 Vrms- 


_~~UT:1A 
T,'25"<: 
- 


Output Impedance 
Dropout Voltage 
Dropout Characteristics 


1 
VIN'" 
IOV 
2.5 
8 
I I 
~COUT·O'jl'. 
~ 
I 
I 
AVOUT" 
100 mV 
lM78DSC 
Your" sv 
'" 
----'-. 
"O~T .I'A 
: 


Tj" 
25°C 
I 
-. 
lOUT" 
500 mA 
2 
- 
I 


J....o 
~ 
u 
Ti" 
2SOC 
I 
A' 
...:: 
, 
lOUT=- 
OA 
~ 


0.1 
..... 
lOUT" 
500 mA 
~ 
~ 
1.5 
~ 
! 
c; 
..... 
k 
"t--I-. 
4 
CoUT" 
1 JJF 
~ 
11:---~ 
~- 
~ 
0.01 I 


=> 
1 
~ 
=> 
I /1 
TANTALUM 
~ 
'OUT'" 
0;;;:; 
=> 
lOUT" 
500 mA 
~~ 
=> 
~ 
..• 


II+t 
~ 
" 
~ 
2 
" 
" 
I 
1 
" 
,.. 
10~T'I'A 
~ 
0.5 
~ 
I 
1 
=> 
I 
0.001 I 
I 
I 
I 
I 
I 
z 
0 
0 
10 
100 
1k 
10k 
100k 
1M 
-75 
-50 
-25 
0 
25 
50 
75 
100 
125 150 
0 
2 
4 
6 
8 
10 


FREQUENCY 
(Hz) 
JUNCTION 
TEMPERATURE 
( C) 
'NPUT VOLTAGEIVI 


Quiescent Current 


6.5 
I 
VoUT" 
5\1 
;; 
6 
lOUT'" 
10 mA 


.!O 
Ti "'2SoC 
~ 
z 
5.5 
~J.--_J.-- 
'"'" 
=> 
5 
u 
,.. 
~ 
z 
u 
4.5 
5" 
4 


J.5 
5 
10 
'5 
20 
25 
30 
35 


INPUT 
VOL TAGE 
(V) 


"IN" 
10V 


VoUT" 
5V 


lOUT" 
5 mA 
~ 


~= 
4.5 
~ 
z 
u~ 
5" 


3.5 
-15 -so -25 
0 
25 
50 
75 100 125 150 


JUNCTION 
TEMPERATURE 
{~Cl 


,-------------------------------------------,, 
s:: 
..•..• 
CDs:: 
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CD..• 
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tf1National 
Semiconductor 


LM79MXX Series 
3-Terminal Negative Regulators 


General Description 


The 
LM79MXX 
series 
of 3-terminal 
regulators 
is available 
with fixed output voltages 
of -5V, 
-12V, 
and -15V. 
These 


devices 
need 
only one external 
component-a 
compensa- 


tion capacitor 
at the output. 
The LM79MXX 
series 
is pack- 
aged in the TO-220 
power 
package, 
and is capable 
of sup- 
plying O.5A of output 
current. 


These 
regulators 
employ 
internal 
current 
limiting, 
safe area 
protection, 
and thermal 
shotdown 
for protection 
against 
vir- 


tually 
all overload 
conditions. 


Low ground 
pin current 
of the LM79MXX 
series 
allows 
out- 
put voltage 
to be easily boosted 
above the preset value with 


a resistor 
divider. 
The low quiescent 
current 
of these 
devic- 


es with a specified 
maximum 
change 
with line and load en- 


sures good 
regulation 
in the voltage 
boosted 
mode. 


For output 
voltage 
other 
than 
-5V, 
-12V, 
and 
-15V 
the 


LM137 
series provides 
an output voltage 
range from 
-1.2V 


to -57V. 


Features 


• 
Thermal, 
short 
circuit 
and safe area protection 


• 
High ripple 
rejection 


• 
O.5A output 
current 


• 
4 % tolerance 
on preset 
output 
voltage 


OUTPUT 


INPUT 


GROUND 


Order 
Number 
LM79M05CT, 
LM79M12CT 
or LM79M15CT 
See NS Package 
Number 
T03B 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Power Dissipation 
(Note 2) 
Internally 
Limited 


please 
contact 
the 
National 
Semiconductor 
Sales 
Operating 
Junction 
Temperature 
Range 
O'C to + 12S'C 


Office/Distributors 
for availability 
and specifications. 
Storage 
Temperature 
Range 
- 6S'C to + 1S0'C 
Input Voltage 
Lead Temperature 
(Soldering, 
10 sec.) 
230'C 
Vo = -SV 
-2SV 


Vo = -12V, 
-1SV 
-3SV 
ESD Susceptability 
TBD 


Input/Output 
Differential 


Vo = -SV 
2SV 


Vo = -12V, 
-1SV 
30V 


Electrical Characteristics 
LM79M05C 


Conditions 
unless 
otherwise 
noted: 
lOUT = 3S0 mA, CIN = 2.2 fLF, COUT = 1 fLF, O'C ,;; TJ ,;; + 12S'C 


Part Number 
LM79M05C 


Output Voltage 
-5V 
Units 


Input Voltage (Unless Otherwise Specified) 
-10V 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 


VA 
Output Voltage 
TJ = 25'C 
-4.8 
-5.0 
-5.2 
V 


5 mA ,;; lOUT';; 350 mA 
-4.75 
-5.25 
V 


(-25';; 
VIN';; 
-7) 


aVo 
Line Regulation 
TJ = 25'C (Note 3) 
8 
50 
mV 


(-25';; 
VIN ,;; -7) 


2 
30 
mV 
(-18 
,;; VIN ,;; - 
8) 


aVo 
Load Regulation 
TJ = 25'C, (Note 3) 
30 
100 
mV 
5 mA ,;; lOUT';; 0.5A 


la 
Quiescent Current 
TJ = 25'C 
1 
2 
mA 


ala 
Quiescent Current 
With Input Voltage 
0.4 
mA 


Change 
(-25';; 
VIN ,;; -8) 


With Load, 


5 mA ,;; lOUT';; 350 mA 
0.4 
mA 


Vn 
Output Noise Voltage 
TA = 25'C, 
150 
fLY 
10 Hz,;; I,;; 
100 Hz 


Ripple Rejection 
1 = 120Hz 
54 
66 
dB 


(-18';; 
VIN';; 
-8) 


Dropout Voltage 
TJ = 2S'C, lOUT = O.SA 
1.1 
V 


lOMAX 
Peak Output Current 
TJ = 2S'C 
800 
mA 


Average Temperature 
lOUT = SmA, 
Coefficient 01 
O'C ,;; TJ ,;; 100'C 
-0.4 
mV/'C 


Output Voltage 


Electrical 
Characteristics 
LM79M12C, 
LM79M15C 


Conditions 
unless 
otherwise 
noted: 
lOUT = 350 mA, CIN = 2.2 ",F, COUT = 1 ",F,O'C 
,;:; TJ ,;:; +125'C 


Part Number 
LM79M12C 
LM79M15C 


Output 
Voltage 
-12V 
-15V 
Units 
Input Voltage 
(Unless Otherwise 
Specified) 
-19V 
-23V 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


Vo 
Output Voltage 
TJ = 25'C 
-11.5 
-12.0 
-12.5 
-14.4 
-15.0 
-15.6 
V 


5 mA ,;; lOUT';; 350 mA 
-11.4 
-12.6 
-14.25 
-15.75 
V 


(-27';; 
VIN';; 
-14.5) 
(-30';; 
VIN';; 
-10.5) 


I1Vo 
Line Regulation 
TJ ~ 25'C (Note 3) 
5 
80 
5 
80 
mV 


(-30';; 
VIN';; 
-14.5) 
(-30';; 
VIN';; -17.5) 


3 
50 
3 
50 
mV 
(-25';; 
VIN ,;; - 
15) 
(-28';; 
VIN ,;; -18) 


I1Vo 
Load Regulation 
TJ = 25'C, (Note 3) 
30 
240 
30 
240 
mV 
5 mA ,;; lOUT';; 0.5A 
,\ 


10 
Quiescent Current 
TJ = 25'C 
1.5 
3 
1.5 
3 
mA 


1110 
Quiescent Current 
With Input Voltage 
0.4 
0.4 
mA 


Change 
('-30';; 
VIN ,;; -14.5) 
(-30';; 
VIN ,;; -27) 


With Load, 


5 mA ,;; lOUT';; 350 mA 
0.4 
. 
0.4 
mA 


Vn 
Output Noise Voltage 
TA ~ 25'C, 
400 
400 
",V 
10Hz,;;f,;; 
100Hz 


Ripple Rejection 
f = 120Hz 
54 
70 
54 
70 
dB 


(-25';; 
VIN';; 
-15) 
(-30';; 
VIN ,;; -17,5) 


Dropout Voltage 
TJ = 25'C,IOUT = 0.5A 
1.1 
1.1 
V 


lOMAX 
Peak Output Current 
TJ = 25'C 
800 
800 
mA 


Average Temperature 
lOUT = 5mA, 
Coefficient of 
O'C ,;; TJ ,;; 100'C 
-0.8 
-1.0 
mVI'C 
Output Voltage 


Note 1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 


intended to be functional, 
but do not guarantee 
specrtic performance 
limits. For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 


Note 2: Refer to Typical Performance 
Characteristics 
and Design Considerations 
for details. 


Note 3: Regulation is rneasued at a constant junction temperature 
by pulse testing with a low duty cycle. Changes in output voltage due to heating effects must be 


taken into account. 


Typical Performance 
Characteristics 


Output 
Voltage 
vs 


Temperature 
Ripple Rejection 
Output 
Impedance 


1.01 
I 
I 
1 
100ilt 


VIN-VOUT 
= SV 
10' 


'OUT= 100 m~~O,UT 
= 5~~§ 
~ 


1.005 


I 
I 
1 
Tj = 25°C 
V1N-Your 
= SV 
AlUWINUW 
1.00 
COUT = 1 J,lf 
S 


T· _ 25°C 
i"'i;: 
i 


I 
1 
1""- 
~ 
80 
SOLID TANTALUt.l 
J 
T 
lZ l 
0.995 
lrf' 
Your 
-12V,-15V 
z 
0 
~ 
=COUT=1.0.u~~ 
0.990 
0 
z 
~ 
.• 


60 
Your = -5V 
0 
= 
SOUD 
TANTALUW 
~ 
ii1 
" 
If 
Tl 
'::; 
1.01 
10-1 
~ 1,005 
~ 
~ 
~ 
-- 
'" 


.0 
~ 
1.00 
Your = -5V 
COUT-'0~~ 
5 
0.995 
1 
I 
T 
SOLIO iANTAL~. 


0.990 
20 
10-2 
-50 -25 
0 
25 
SO 
75 
loa 
125 
150 
a.Olk 
O.lk 
1k 
10k 
lOOk 
a.Olk 
O.lk 
1k 
10k 
lOOk 
I. 


JUNCTION 
TEWPERATURE 
(Oe) 
fREQUENCY 
(Hz) 
FREOUENCY (H,) 


Minimum 
Input-Output 
Quiescent 
Current 
vs 
Quiescent 
Current 
vs 


Differential 
Input Voltage 
Load Current 


2.' 
1.3 
I 
2.2 
Lhl791ilO5 
U179NOS 


1.25 
1.4 
E 
2.0 
.• 
'< 
I 
-5 
1.2 
-5 
1.3 


T;I= O.C f- 
~ 
1.8 
/ 
'::; 
1.6 
z 
1.15 
z 
1.2 
~ 
Tj - 25°C 
V........... 
~ 
./ 


1.' 
~ 
1.1 
Tj 12S~C- - 
~ 
1.1 
- 
~ 
0 
0 
Til 
= 25°C 
~ 
1.2 
Tj- 0;s. 
z 
~ 
z 
~ 
~ 


1.05 
1.0 


0 
1.0 
tJ 
1:] 
, - 


Tj _ 125°C 
:::: 
~ 
~ - 


1.0 
0.9 
Tj -I'250C 
~ 
0.8 
~ 
Tj = 125°C 
./ 
~ 
z 
1 
0.6 
0.95 
0.8 


1 
'" 
I 
0.' 
0.9 


0 
0.1 
0.2 
0.3 
0.' 
0.5 
5 
10 
15 
20 
25 
30 
35 
.0 
0 
0.1 
0.2 
0.3 
0.' 
0.5 


OUTPUT 
CURRENT 
(A) 
INPUT VOLTAGE (V) 
OUTPUT CURRENT (A) 


Maximum 
Average 
Power 


Short-Circuit 
Current 
Dissipation 
(TO-220) 


1.50 
20 
1 
18 
.• 
1.25 
I 


z 
~ 
16~ 
III 
~ 
1.0 
z 
" 
"/SOC/W 
HEAT S'NK- 


=:::: 


0 
~ 
~ 


Tj = aoe 
~ 


12 
, 
0 


'5 
0.75 


~ 
~ 
10 I"'--... 
••••.. 


l;1 
Tj = 25°C 
" 


8 
••••••••..•••••••. 
y 
0.50 
~ 
~ 


:;; 
Tj= 
12("C 
••••• 
~ 
6(1"'--...' 


~ 
0.25 
• 
~W. 
HEAT SINK 
""-' 
2 


0 
0 
NO HEAT 
SINK 


0 
5 
10 
IS 
20 
25 
30 
35 
.0 
0 
25 
SO 
75 
100 
125 


IV'N-vouTI 
(V) 
AMBIENT 
TE.,.PERATURE 
(OC) 


TLiH/10483-10 


x 
>< 


"::' 
en 
ft) 


AlB 
.. 


Al9 
iij" 


4k 
5k 
(II 


A21 
150 AIG 
0.05 


Rl] 
l1.7k (BV) 
20.lk 1l2V) 
26.4k (15V) 


A21 
50 
Rl6 
0.05 


Design Considerations 


The LM79MXX 
fixed voltage 
regulator 
series 
have thermal- 


overload 
protection 
from excessive 
power, internal 
short-cir- 


cuit 
protection 
which 
limits 
the 
circuit's 
maximum 
current, 
and output 
transistor 
safe-area 
compensation 
for reducing 


the output 
current 
as the voltage 
across 
the pass transistor 


is increased. 


Although 
the internal 
power 
dissipation 
is limited, 
the junc- 


tion temperature 
must 
be kept 
below 
the 
maximum 
speci- 


fied temperature 
in order to meet data sheet specifications. 


To calculate 
the maximum 
junction 
temperature 
or heat sink 


required, 
the following 
thermal 
resistance 
values 
should 
be 


used: 


Package 
8JC 
8JA 
(OC/W) 
("C/W) 


TO-220 
3 
40 


= TJM~ 
- 
TA (Without 
a Heat Sink) 
JA 


8CA = 8cs + 8SA 


Solving 
for TJ: 
TJ = TA + Po (8JC + 8cNor 


= TA = + P08JA (Without 
a Heat Sink) 


Where 


TJ 
= Junction 
Temperature 


TA 
= Ambient 
Temperature 


Po 
= Power 
Dissipation 


8JC 
= Junction-to-Case 
Thermal 
Resistance 


8CA 
= Case-to-Ambient 
Thermal 
Resistance 


8cs 
= Case-to-Heat 
Sink Thermal 
Resistance 


8SA 
= Heat Sink-to-Ambient 
Thermal 
Resistance 


8JA 
= Junction-to-Ambient 
Thermal 
Resistance 


Typical Applications 


Bypass 
capacitors 
are necessary 
for stable 
operation 
of the 


LM79MXX 
series 
of regulators 
over 
the 
input 
voltage 
and 


output 
current 
ranges. 
Output 
bypass 
capacitors 
will 
im- 


prove the transient 
response 
of the regUlator. 


The bypass 
capacitors 
(2.2 p.F on the input, 
1.0 p.F on the 


output), 
should 
be ceramic 
or solid 
tantalum 
which 
have 


good 
high frequency 
characteristics. 
If aluminum 
electrolyt- 
ics are used, 
their 
values 
should 
be 10 p.F or larger. 
The 


bypass 
capacitors 
should 
be 
mounted 
with 
the 
shortest 


leads, 
and 
if possible, 
directly 
across 
the 
regulator 
termi- 


nals. 


TL/H/10483-2 


*Required 
if regulator 
is separated 
from filter capacitor 
by more than 3- . 


For value 
given, capacitor 
must be solid tantalum. 
25 ,...F aluminum 
elec- 
trolytic may be substituted. 


tRequired 
for stability. 
For value 
given, 
capacitor 
must be solid tantalum. 


25 ILF aluminum 
electrolytic 
may be substituted. 
Values 
given may be 


increased 
without 
limit. 


For output capacitance 
in excess 
of 100 
"..F, a high current diode from 
input to output 
(1 N4001, 
etc.) will protect 
the regUlator 
from 
momentary 
input shorts. 


Cl 
2.2 p.F 


SOLIO 


TANTALUM 


+ C2 
1 p.F 


- 
SOLID 


TANTALUM 


-Improves 
transient 
response 
and ripple rejection. 


Do not increase 
beyond 50 p.F. 


(Rl 
+ R2) 


VOUT~VSET 
~ 


select 
R2 as follows: 


LM79M05C 
300n 
LM79M12C 
750n 
LM79M15C 
1k 


+V1N 
VOUT +lSV 
I 
R4' 
I 
I 
10k 
I 
1% 


I 
I 


C4" 
~ 
01 


2S}'F T 
RS' 
lN4001 


I 
10k 
I 
1% 
I 
I 
COWWON 
I 
R1 
+ 
I 
SO 
R2 
C2 


CS" 
~ 
1k 
R3 
2S }'F 
Sk 
02 


2S}'F T 
OUTPUT TRIW 
lN4001 
I 
TO -lS.0V 
I 
-V1N 
VOUT -1SV 


Typical Applications 
(Continued) 


± 15V, 1 Amp Tracking Regulators 


Load Regulation at 0.5A 
Output Ripple, CIN = 3000 ,..F,IL = 0.5A 
Temperature Stability 
Output Noise 10Hz ,;; f ,;; 10kHz 


Performance (Typical) 
(-15) 
(+15) 
40mV 
2mV 
100,..Vrms 
100,..Vrms 
50mV 
50mV 
150,..Vrms 
150,..Vrms 


-Resistor 
tolerance 
of R4 and RS determine 


matching of (+) and (-) 
outputs. 


·-Necessary 
only 
if raw supply filter capacitors 


arB more than 3- from regulators. 


General Description 
The LM79XX series of 3-terminal regulators is available with 
fixed output voltages of -5V, 
-8V, 
-12V. 
and -15V. 
These devices need only one external component-a 
com- 


pensation capacitor at the output. The LM79XX series is 
packaged in the TO-220 power package and is capable of 
supplying 1.5A of output current. 


These regulators employ internal current limiting safe area 
protection and thermal shutdown for protection against vir- 
tually all overload conditions. 
Low ground pin current of the LM79XX series allows output 
voltage to be easily boosted above the preset value with a 
resistor 
divider. 
The 
low 
quiescent 
current 
drain 
of 


these devices with a specified maximum change with line 
and load ensures good regulation in the voltage boosted 
mode. 
For applications requiring other voltages, see LM137 data 
sheet. 


Features 
• 
Thermal, short circuit and safe area protection 
• 
High ripple rejection 
• 
1.5A output current 
• 
4% tolerance on preset output voltage 


Connection 
Diagrams 


TO-220 
Package 


INPUT! 


OUTPUT 
o 
t::::===::> 
INPUT 
L_l__~01==:===:::> GROUND 


Order 
Number 
LM7905CT, 
LM7912CT 
or LM7915CT 
See NS Package 
Number 
T03B 


TLlH17340-3 


•Required if regulator is separated from filter capacitor by 
more than 3". For value given, capacitor must be solid 
tantalum. 25 ",F aluminum electrolytic may be substituted. 
tRequired for stability. For value given, capacitor must be 


solid tantalum. 25 ",F aluminum electrolytic may be substi- 
tuted. Values given may be increased without limit. 


For output capacitance in excess of 100 ",F, a high current 
diode from input to output (1N4001, etc.) will protect the 
regulator from momentary input shorts. 


Absolute 
Maximum 
Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Input-Output 
Differential 
please 
contact 
the 
National 
Semiconductor 
Sales 
010 = 
-5V) 
25V 


Office/Distributors 
for 
availability 
and 
specifications. 
(Va = 
-12Vand 
-15V) 
30V 


Input Voltage 
Power Dissipation 
(Note 2) 
Internally 
Limited 
(Va = 
-5V) 
-25V 
Operating 
Junction 
Temperature 
Range 
O·C to + 125·C 
(Va = 
-12Vand 
-15V) 
-35V 
Storage 
Temperature 
Range 
- 65·C to + 150·C 


Lead Temperature 
(Soldering, 
10 sec.) 
230·C 


Electrical 
Characteristics 
Conditions 
unless 
otherwise 
noted: 
lOUT = 
500 mA, CIN = 
2.2 !LF, COUT = 
1 !LF, 
O·C ,;; TJ ,;; + 125·C, 
Power 
Dissipation 
,;; 1.5W. 


Part Number 
LM7905C 


Output 
Voltage 
-5V 


Units 
Input 
Voltage 
(unless 
otherwise 
specified) 
-10V 


Symbol 
Parameter 
Conditions 
Min 
I 
Typ 
I 
Max 


Va 
Output Voltage 
TJ = 25·C 
-4.8 
-5.0 
-5.2 
V 


5mA,;; 
lOUT';; 
1A, 
-4.75 
-5.25 
V 


P';; 
15W 
(-20';; 
VIN';; 
-7) 
V 


t:No 
Line Regulation 
TJ = 25·C, (Note 3) 
8 
50 
mV 


(-25';; 
VIN ,;; -7) 
V 


2 
15 
mV 
(-12';; 
VIN ,;; -8) 
V 


!lVo 
Load Regulation 
TJ = 25·C, (Note 3) 
5 mA ,;; lOUT ,;; 1.5A 
15 
100 
mV 


250 mA ,;; lOUT';; 
750 mA 
5 
50 
mV 


IQ 
Quiescent 
Current 
TJ = 25·C 
1 
2 
mA 


!lIQ 
Quiescent 
Current 
With Line 
0.5 
mA 
Change 
(-25';; 
VIN';; 
-7) 
V 


With Load, 5 mA ,;; lOUT';; 
1A 
0.5 
mA 


Vn 
Output 
Noise Voltage 
TA = 25·C, 10Hz 
,;; f ,;; 100 Hz 
125 
!LV 


Ripple Rejection 
f= 
120Hz 
54 
66 
dB 


(-18';; 
VIN ,;; -8) 
V 


Dropout 
Voltage 
TJ = 25·C, lOUT = 
lA 
1.1 
V 


lOMAX 
Peak Output Current 
TJ = 25·C 
2.2 
A 


Average 
Temperature 
lOUT = 5mA, 
0.4 
mVrC 
Coefficient 
of 
OC,;;TJ';;100·C 


Output Voltage 


Typical 
Applications 
(Continued) 


Variable 
Output 


...h. C3* L: 
.J:. 


-r= 25_F 
RI 


Cl 
+ 
+ C2 


2.2_F 
-~ 
__ 
'_F 


SOLID 
- 
T 


SOLID 
TANTALUM 
- TANTALUM 
GND 
R2 


INPUT 
IN 
LM79XXCT lour 
DUTPUT 
I 


TUH/7340-2 
·lmproves 
transient 
response 
and ripple rejection. 
Do not increase beyond 50 J.&.F. 


(R1 + R2) 
VOUT~VSET ~ 


Select R2 as follows: 
LM7905CT 
3000 
LM7912CT 
7500 
LM7915CT 
1k 


• 


Electrical 
Characteristics 
(Continued) 
Conditions 
unless 
otherwise 
noted: 
lOUT = 500 mA, CIN = 2.2/'oF, 


COUT = 1 /'oF, O°C ,,; TJ ,,; + 125°C, Power 
Dissipation 
= 1.5W. 


Part Number 
LM7912C 
LM7915C 


Output 
Voltage 
-12V 
-15V 
Units 
Input 
Voltage 
(unless 
otherwise 
specified) 
-19V 
-23V 


Symbol 
Parameter 
Conditions 
Min 
I 
Typ 
I 
Max 
Min 
I 
Typ 
I 
Max 


Va 
Output Voltage 
TJ = 25°C 
-11.5 
-12.0 
-12.5 
-14.4 
-15.0 
-15.6 
V 
5 mA ,,; 'OUT"; 
1A, 
-11.4 
-12.6 
-14.25 
-15.75 
V 


P"; 
15W 
(-27"; 
VIN"; 
-14.5) 
(-30"; 
VIN ,,; -17.5) 
V 


aVo 
Line Regulation 
TJ = 25°C, (Note 3) 
5 
80 
5 
100 
mV 
(-30"; 
VIN ,,; -14.5) 
(-30"; 
VIN"; 
-17.5) 
V 
3 
30 
3 
50 
mV 
(-22"; 
VIN ,,; -16) 
(-26"; 
VIN ,,; -20) 
V 


aVo 
Load RegUlation 
TJ = 25°C, (Note 3) 
5 mA ,,; lOUT"; 
1.5A 
15 
200 
15 
200 
mV 
250 mA ,,; lOUT ,,; 750 mA 
5 
75 
5 
75 
mV 


la 
Quiescent 
Current 
TJ = 25°C 
1.5 
3 
1.5 
3 
mA 


ala 
Quiescent 
Current 
With Line 
0.5 
0.5 
mA 
Change 
(-30"; 
VIN ,,; -14.5) 
(-30 
,,;VIN ,,; -17.5) 
V 
With Load, 5 mA ,,; lOUT"; 
1A 
0.5 
0.5 
mA 


Vn 
Output 
Noise Voltage 
TA = 25°C, 10Hz,,; 
1 ,,; 100 Hz 
300 
375 
/'oV 


Ripple Rejection 
1 = 120Hz 
54 
70 
54 
70 
dB 
(-25"; 
VIN ,,; -15) 
(-30"; 
VIN"; 
-17.5) 
V 


Dropout 
Voltage 
TJ = 25°C, lOUT = 1A 
1.1 
1.1 
V 


'OMAX 
Peak Output Current 
TJ = 25°C 
2.2 
2.2 
A 


Average 
Temperature 
lOUT = 5 mA, 
-0.8 
-1.0 
mvrc 
Coefficient 
01 
OC"; 
TJ"; 
100°C 
Output Voltage 


Note 1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 


intended to be functional, 
but do not guarantee 
Specific Performance 
limits. For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 


Note 2: Refer to Typical Performance 
Characteristics 
and Design Considerations 
for details. 


Note 3: Regulation is measured at a constant junction temperature 
by pulse testing with a low duty cycle. Changes in output voltage due to heating effects must be 


taken into account. 


Typical Applications 
(Continued) 


Dual Trimmed 
Supply 


+INPUTO-M 
I 
It,1340-S 
lOUT 
+S.OV 


GNO 


0.22 )'F= ~ 
.240 
1k 
' I- 01 
~~1N4001 


33 


COIol 


33 
+ 
+ 
=:; 
1)'F 
_ 
2.2 )'F= ~ 
02 
.470 
Sk 
~~ 1N4001 


GNO 


-INPUTo-<~ 
LIol790S I 
-S.OV 
lOUT 
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Design Considerations 
The LM79XX fixed voltage regulator series has thermal 
overload protection from excessive power dissipation, inter- 
nal short circuit protection which limits the circuit's maxi- 
mum current, and output transistor safe-area compensation 
for reducing the output current as the voltage across the 
pass transistor is increased. 
Although the internal power dissipation is limited, the junc- 
tion temperature must be kept below the maximum speci- 
fied temperature (125'C) in order to meet data sheet specifi- 
cations. To calculate the maximum junction temperature or 
heat sink required, the following thermal resistance values 
should be used: 


Typ 
Max 
Typ 
Max 


Package 
8JC 
8JC 
8JA 
8JA 


'C/W 
'C/W 
'C/W 
'C/W 


TO-220 
3.0 
5.0 
60 
40 


P 
TJMax-TA 
TJMaxTA 
o MAX = 
or ---- 


8JC + 8CA 
8JA 


8CA = 8cs + 8SA(without heat sink) 


SolVing for TJ: 


TJ = TA + Po (8JC+ 8cNor 


= TA + Po8JA(without heat sink) 


Where: 
TJ 
= Junction Temperature 
TA 
= Ambient Temperature 


Po 
= Power Dissipation 
8JA 
= Junction-to-Ambient Thermal Resistance 


8JC = Junction-to-Case Thermal Resistance 
8CA = Case-to-Ambient Thermal Resistance 


8CS = Case-to-Heat Sink Thermal Resistance 
8SA = Heat Sink-to-Ambient Thermal Resistance 


Typical Applications 
(Continued) 
Bypass capacitors are necessary for stable operation of the 
LM79XX series of regulators over the input voltage and out- 
put current ranges. Output bypass capacitors will improve 
the transient response by the regulator. 


The bypass capacitors, (2.2 I'-F on the input, 1.0 I'-F on the 
output) should be ceramic or solid tantalum which have 
good high frequency characteristics. If aluminum electrolyt- 
ics are used, their values should be 10 fJ-F or larger. The 
bypass capacitors should be mounted with the shortest 
leads, and if possible, directly across the regulator termi- 
nals. 


Load and line regulation 
< 0.01 % temperature 
stability s; 0.2% 


t Determine 
Zener 
current 


ttSolid 
tantalum 


-Select 
resistors to set output voltage. 2 ppmrc 
tracking suggested 


01 
Lt.l320 
7V 


• 


lOUT! 
-.II\. 


I 
II 


I 
I 
I 
I 
Clt ....c; 
251'F .,.. 
I 
I 
I 
I 


·Lamp brightness increase until il = ia (:::::1 mAl + 5V/R1. 


tNecessary 
only ~ raw supply fiijer capaci10r is more than 2" from LM7905CT 


5V - 15V 
BULB 
1. 75A 


MAX 
TURN-ON 


CURRENT 


Typical Applications 
(Continued) 


High-Sensitivity 
Light Controller 


I 
I 
I 
I 
Clt -Co 


25 J.'F""I 
I 
I 
I 


-Lamp 
brightness 
increases 
until i, = 5V/A1 
(Ii can be set as low as 1 ,...A) 


tNecessary only il raw supply Iilter capacitor is more than 2" Irom LM7905 


I 
I 
I 
I 
I 
I 
I 
C4".2- 


25 J.'F •••.•.•• 
I 
I 
I 
I 
I 


I 


CS"" .2- 


25 J.'F •••.•.•• 
I 
I 
I 
I 


R3 
Sk 
OUTPUT 
TRill 
TO -15.0V 


(-15) 
(+15) 
Load Regulation at <l.JL~ 1A 
40 mY 
2 mY 
OutputRipple,CIN 
~ 3000ILF.IL ~ 1A 
100ILYrms 
100ILYrms 
Temperature Stability 
50 mY 
50 mY 
Output Noise 10 Hz :s;I:s; 10 kHz 
150 ILYrms 
150 ILYrms 


-Resistor tolerance of R4 and AS determine matching of (+) 
and (-) 
outputs. 


··Necessary 
only if raw supply filter capacitors 
are more than 3- 
from regu- 


lators. 


8V - 
lSV 
BULB 
1.7 SA 
llAX 
TURN-ON 


CURRENT 


III 


LM79XX 


en 
I 
n 


-5V 


~~3 
l»- 
n· 


t"' 


-=- 
C 


01 1 


I 
I 


ji). 
co 


I 


RIg 
~ 


, 


5k 


l» 


7k 
I 


3 
I 


, 
(II 
, 


R5 


.< 


15k 


~ 
ex> 
.l>- 


I 
012 


, 


I 
I. 
C'" 


VOUT 


03 
6.2V-, 


o-UJRl 


R20 


E£J 
.[ 


.-J 20k 


V'N 
150 


20k 
lk 
6k 
20k ,··U 


Wv-- 


5k 
R21 


- 


150 
f'6 0.2 
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Section 2 
Low Dropout 
Voltage Regulators 


• 
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low-Dropout 
Voltage Regulators 
Definition of Terms 


Dropout 
Voltage: The input-voltage differential at which 


the circuit ceases to regulate against further reduction in 
input voltage. Measured when the output voltage has 
dropped 100 mV from the nominal value obtained at (Vour 
+ 5V) input, dropout voltage is dependent upon load cur- 
rent and junction temperature. 
Input Voltage: The DC voltage applied to the input termi- 
nals with respect to ground. 
Input-Output 
Differential: 
The voltage difference between 


the unregulated input voltage and the regulated output volt- 
age for which the regulator will operate. 
Line 
Regulation: 
The change in output voltage for a 


change in the input voltage. The measurement is made un- 
der conditions of low dissipation or by using pulse tech- 
niques such that the average chip temperature is not signifi- 
cantly affected. 


Load 
Regulation: 
The change in output voltage for a 


change in load current at constant chip temperature. 
Long Term Stability: Output voltage stability under accel- 
erated life-test conditions after 1000 hours with maximum 
rated voltage and junction temperature. 


Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 
Quiescent Current: That part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 


Ripple Rejection: The ratio of the peak-to-peak input ripple 
voltage to the peak-to-peak output ripple voltage. 


Temperature 
Stability 
of Vo: The percentage change in 


output voltage for a thermal variation from room tempera- 
ture to either temperature extreme. 


• 


Output 
Output 
Typical 
Maximum 
Typical 
Reverse 
Transient 
Operating 
Current 
Device 
Voltage 
Dropout 
Input 
Quiescent 
Polarity 
Protection 
Temperature 
Page 


(A) 
(V) 
Voltage 
Voltage 
Current 
Protection 
(V) 
(TjOC) 
No. 
(V)' 
(V) 
(mA) 
(V) 


1.0 
LM2940 
5,6,12,15 
0.50 
26 
10 
-15 
+60"/-50 
-55 
to + 150 
2-55 


LM2940C 
5,9,12,15 
0.50 
26 
10 
-15 
+45/-45 
Oto +150 
2-55 


0.75 
LM2925 
5 
0.62 
26 
3 
-15 
+60"/-50 
-40 
to + 150 
2-9 


LM2935 
Two 5V Outputs 
0.62 
26 
3 
-15 
+60"/-50 
-40 
to + 150 
2-37 


0.5 
LM2926 
5 
0.35 
26 
2 
-16 
+60"/-50 
-40 
to + 125 
2-15 


LM2927 
5 
0.35 
26 
2 
-16 
+60"/-50 
-40 
to + 125 
2-15 


LM2937 
5,6,10,12,15 
0.50 
26 
2 
-15 
+60"/-50 
-40to 
+125 
2-50 


LM2964 
Three 5V Outputs 
0.53 
26 
14 
-15 
+60"/-35 
-40 
to +150 
2-72 


0.1 
LM2931 
5 
0.30 
24 
0.400 
-15 
+60"/-50 
-40 
to + 125 
2-29 


LM2931C 
Adj. (3 to 29) 
0.30 
24 
0.400 
-15 
+60"/-50 
-40 
to +125 
2-29 


LP2950C 
5 
0.36 
30 
0.075 
-40 
to +125 
2-116 


LP2950AC 
5 
0.36 
30 
0.075 
-40 
to +125 
2-116 


LP2951 
5, Adj. (1.24V to 29) 
0.36 
30 
0.075 
-55 
to + 150 
2-116 


LP2951C 
3.0,3.3,5, 
Adj. (1.24V to 29) 
0.36 
30 
0.075 
-40to 
+125 
2-116 


LP2951AC 
3.0,3.3, 
5, Adj. (1.24V to 29) 
0.36 
30 
0.075 
-40 
to + 125 
2-116 


0.05 
LM2936 
5 
0.4 
40 
0.009 
-15 
+60/-50 
-40to 
+125 
2-45 


·Guaranteed 
maximum 
dropout 
voltage 
at full load over temperature. 


• ·Positive 
transient 
protection 
value also indicates 
the regulator's 
load dump capability. 
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General Description 
The LM330 5V 3-terminal positive voltage regulator features 
an ability to source 150 mA of output current with an input- 
output differential of 0.6V or less. Familiar regulator features 
such as current limit and thermal overload protection are 
also provided. 
The low dropout voltage makes the LM330 useful for certain 
battery applications since this feature allows a longer bat- 
tery discharge before the output falls out of regulation. For 
example, a battery supplying the regulator input voltage may 
discharge to 5.6V and still properly regulate the system and 
load voltage. Supporting this feature, the LM330 protects 
both itself and regulated systems from negative voltage in- 
puts resulting from reverse installations of batteries. 


Other protection features include line transient protection 
up to 26V, when the output actually shuts down to avoid 
damaging internal and ex1ernal circuits. Also, the LM330 
regulator cannot be harmed by a temporary mirror-image 
insertion. 


Features 
• 
Input-output differential less than 0.6V 
• 
Output current of 150 mA 
• 
Reverse battery protection 
• 
Line transient protection 
• 
Internal short circuit current limit 
• 
Internal thermal overload protection 
• 
Mirror-image insertion protection 
• 
P+ Product Enhancement tested 


(TO-220) 
Plastic Package 


OUTPUT 
::~T 


Front View 


Order Number LM330T-5.0 
See NS Package Number T03B 
• 


Absolute Maximum Ratings 
If Military/Aerospace 
specified devices are required, 
please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors for availability and specifications. 


Input Voltage 
Operating 
Range 
26V 
Line Transient 
Protection 
(1000 ms) 
40V 


Internal 
Power Dissipation 


Operating 
Temperature 
Range 


Maximum 
Junction 
Temperature 


Storage 
Temperature 
Range 


Lead Temperature 
(Soldering, 
10 sec.) 


Internally 
Limited 


O·Cto 
+70·C 


+ 125·C 


- 65·C to + 1500C 


+300·C 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


Vo 
Output Voltage 
Tj = 25·C 
4.8 
5 
5.2 


Output Voltage 
5 < 10 < 150 mA 
V 


Over Temp 
6 < VIN < 26V; O·C ,;; Tj ,;; 100·C 
4.75 
5.25 


!J.Vo 
Line Regulation 
9 < VIN < 16V, 
10 = 5 mA 
7 
25 


6 < VIN < 26V, 
10 = 5 mA 
30 
60 
mV 


Load Regulation 
5 < 10 < 150mA 
14 
50 


Long Term Stability 
20 
mV/1000 
hrs 


IQ 
Quiescent 
Current 
10 = 10mA 
3.5 
7 


10 = 50 mA 
5 
11 


10 = 150 mA 
18 
40 
mA 


Line Transient 
VIN = 40V, Rl = 100n,1s 
14 


Reverse 
Polarity 
VIN = -6V, 
Rl = 100n 
-80 


!J.IQ 
Quiescent 
Current 
6 < VIN < 26V 
10 
% 
Change 


VIN 
Ove(Voltage 
Shutdown 
26 
38 
Voltage 


Max Line Transient 
~ 
. 


60 


1s, Vo';; 
5.5V 
V 


50 


Reverse 
Polarity 
-30 


Input Voltage 
DC Vo > - 
0.3V, Rl = 100n 
-12 


Output 
Noise Voltage 
10 Hz-100 
kHz 
50 
/LV 


Output 
Impedance 
10 = 100 mADC 
+ 
10 mArms 
200 
mn 


I 
Ripple Rejection 
56 
dB 


Current 
Limit 
150 
400 
700 
mA 


Dropout 
Voltage 
10 = 150 mA 
0.32 
0 ..6 
V 


Thermal 
Resistance 
Junction 
to Case 
4 
·C/W 


Junction 
to Ambient 
50 


Note 1: Unless otherwise 
specified: VIN = 14V,Io 
= 150 mA, Tj = 25°C, C1 = 0.1 p.F, C2 = 10 JLF. All characteristics 
except noise voltage 
and ripple rejection 


are measured 
using pulse techniques 
(tw ~ 10 ms, duty cycle 
s;:5%). 
Output voltage changes 
due to changes 
in internal temperature 
must be taken into account 
separately_ 


Typical Performance 
Characteristics 


Dropout Voltage 
Dropout Voltage 
Low Voltage Behavior 


0.6 
0.6 
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S 
S 
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1= 
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0 
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~ 
0.1 
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10= 
OmA 
;!; 
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7 
0 
0 
1.0 


0 
25 
50 
75 
100 
125 
150 
0 
50 
100 
150 
200 
1.5 z.o 25 3.0 3.5 4.Q 45 5.0 5.5 6.0 6.5 


JUNCTION IDIPERATURE (OC) 
OUTPUT CURRENT(mA) 
INPUT VOLTAGE(V) 


High Voltage Behavior 
Line Transient Response 
Load Transient Response 


8 
~> 
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~~ 
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15 
30 
45 
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INPUT VOLTAGE (V) 
TIWE(!'s) 
TIWE ()4s) 


Peak Output Current 
Quiescent Current 
Quiescent Current 


600 


~OC 


35 
22 
V'N= 14V 
VII<= 14V 


500 
1 


30 
Tj=25OC 
1 


20 


'i 
- 


'0= 
150mA 


:::;OOC 
25 
18 
;:'400 
"..,.. 
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20 
16~ 
300 
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u 
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~ 
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tj 


:> 
~ 
10 
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6 
0 
-" 
5 
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5 •••• 
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0 
0 
0 
0 
5 
10 
15 
20 
25 
30 
0 
30 
60 
90 
120 
150 
-60 
-40 
0 
40 
80 
120 
160 


INPUT VOLTAGE (V) 
OUTPUT CURRENT(mA) 
JUNCTION TEWPERATURE(OC) 


Quiescent Current 
Ripple Rejection 
Ripple Rejection 


70 
80 
80 
TJ=25OC 
1o=50mA 


60 
70 
V'N = 14V 
1 50 
~ 
60 1\ 
'" 
60 
~ 
i 
z 
50 
...••... 
z 
40 
0 
r--. / 
0 
§ 
§ 
a 
40 
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40 
~ 
30 
l:1 
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1o=150mA 
~ 
30 
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20 
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~ 
20 
., 
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a 
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10 
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INPUT VOLTAGE(V) 
FREOUENCY(Hz) 
OUTPUT CURRENT(mA) 
TLIH/9306-3 


• 


Typical Performance 
Characteristics 
(Continued) 


Output 
Impedance 
Overvoltage 
Supply Current 
Reverse 
Supply Current 


10 10=50mA 
30 RL=10011 
so T 
J=25OC 


T =25OC 
25 TJ = 250C 
0 
g 
,...•••.. 
1 
1 
./ 
tJ 
1 
20 
~ 
-so 
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./ 
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,/ 
~ 
10 
i 


-ISO 
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-200 
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25 
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-8 
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,REQUENCY(Hz) 
INPUTVOLTAGE(V) 
INPUTVOLTAGE(V) 


Output 
Voltage 
(Normalized 


Output 
at Reverse 
Supply 
Output 
at Overvoltage 
to SV at Tj = 2S"C) 


0.1 RL=oo. I 
Q.2 RL=oo I 
~ 


5.025 
V•• = 1J'y 


TJ=25OC 
TJ=25OC 
~ 5.000 
~ 
0 
I 
~ 
0.15 
~ 
V 


~ 
~ 
~ 
r-.. 


~ 


••975 
I\. 
~ 
-G.l 
~ 
0.1 


~ 
- 
~ 


i5 
•. 9SO 


r:J 


0 
-Q.2 
i5 
0Jl5 
I-'" 
i 
.-- 


• .925 


!i1 


-0.3 
0 
• .900 
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-10 
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0 
30 
35 
~ 
-60-<40-20 
0 
20 <4060 1IO100 1201<40 


INPUTVOLTAGE(V) 
INPUTVOLTAGE(V) 
JUNCTIONTEWPERATURE(OC) 
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Typical Applications 


The LM330 
is designed 
specifically 
to operate 
at lower input 
proved 
through 
lower 
chip 
operating 
temperature. 
Also, 
a 
to output 
voltages. 
The device 
is designed 
utilizing 
a power 
cost 
savings 
can be utilized 
through 
use of lower 
power! 
lateral 
PNP transistor 
which 
reduces 
dropout 
voltage 
from 
voltage 
components. 
In applications 
utilizing 
battery 
power, 


2.0V 
to O.3V when 
compared 
to 
IC regulators 
using 
NPN 
the LM330 
allows 
the battery 
voltage 
to drop to within 
O.3V 
pass 
transistors. 
Since 
the 
LM330 
can operate 
at a much 
of output 
voltage 
prior to the voltage 
regulator 
dropping 
out 
lower input voltage, 
the device 
power dissipation 
is reduced, 
of regulation. 
heat 
sinking 
can 
be 
simpler 
and 
device 
reliability 
im- 


Lt.l330 
50 
/ 
f""-... 
VIN 
VOUT 
'" 


UNREGULATED 
VIN 
VOUT 
REGULATED 
) 
INPUT 
GND 
+ 
OUTPUT 
040 / 


CI' 
1 


10 
C2" 
g 
" 


O.I!"FI 
I'0!"F 
8 
30 
1\ 
- 
- 
:« 
- 
- 
- 
V> 


TL/H/9306-5 
'" 
20 


• Required 
if regulator 
is located 
far from power supply filter. 
~ 


•• C2 may be either an Aluminum or Tantalum type capacitor but 
~ 


must be rated to operate 
at -400C 
to guarantee 
regulator stability 
10 


to that 
temperature 
extreme. 
10 
IJ-F is the 
minimum 
value 
required 
for stability and may be increased 
without bound. Locate as close 


0 
as possible 
to the regulation. 


0 
25 
50 
75 
100 
125 
150 


lOUT (mA) 


TLIH/9306-6 


Note: 
Compared 
to Ie regulator with 2.0V dropout voltage 
and 
lomax, = 6.0 mA. 
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General Description 
The LM2925 
features 
a low dropout, 
high current 
regulator. 


Also 
included 
on-chip 
is a reset function 
with an externally 


set delay time. Upon power 
up, or after the detection 
of any 


error 
in the 
regulated 
output, 
the 
reset 
pin remains 
in the 


active low state for the duration 
of the delay. Types of errors 


detected 
include 
any 
that 
cause 
the 
output 
to 
become 


unregulated: 
low input voltage, 
thermal 
shutdown, 
short cir- 
cuit, input transients, 
etc. No external 
pull-up resistor 
is nec- 


essary. The current 
charging 
the delay capacitor 
is very low, 
allOWing long delay times. 


Designed 
primarily 
for automotive 
applications, 
the LM2925 


and all regulated 
circuitry 
are protected 
from reverse 
battery 


installations 
or two-battery 
jumps. 
During 
line 
transients, 
such 
as a load dump 
(60V) when 
the 
input voltage 
to the 


regulator 
can 
momentarily 
exceed 
the specified 
maximum 


operating 
voltage, 
the 
0.75A 
regulator 
will 
automatically 


shut down to protect 
both internal 
circuits 
and the load. The 


LM2925 
cannot 
be harmed 
by temporary 
mirror-image 
in- 


sertion. 
Familiar 
regulator 
features 
such as short circuit 
and 


thermal 
overload 
protection 
are also provided. 


Features 


• 
5V, 750 mA output 
• 
Externally 
set delay for reset 


• 
Input-output 
differential 
less than 0.6V at 0.5A 


• 
Reverse 
battery 
protection 


• 
60V load dump 
protection 


• 
- 50V reverse 
transient 
protection 


• 
Short 
circuit 
protection 


• 
Internal 
thermal 
overload 
protection 


• 
Available 
in plastic 
TO-220 


• 
Long delay 
times 
available 


• 
P+ Product 
Enhancement 
tested 


OUTPUT 
2 


VOLTAGE 
+ 
C2*· 
*10"F 
·Required 
if regulator is located far from 
power supply filter. 


"CoUT 
must be at least 10 ,...Fto maintain 
stability. May be increased 
without bound 


to maintain regulation during transients. 
Locate 
as close as possible 
to the regula~ 
tor. This capacitor 
must be rated over the 
same operating 
temperature 
range as the 
regulator. The 
equivalent 
series 
resist· 
ance (ESR) of this capacitor is critical; 
see curve. 
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O 


4 DELAY 
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3 GROUND 
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GNO 
=========:;:. 
1 INPUT VOLTAGE (VINI 


FRONT VIEW 


Order 
Number 
LM2925T 
See NS Package 
Number 
T05A 


Absolute Maximum Ratings 
If Military/Aerospace 
specified devices are required, 
Operating 
Temperature 
Range 
- 40'C to + 125'C 
please 
contact 
the 
National 
Semiconductor 
Sales 
Maximum 
Junction 
Temperature 
150'C 
Office/Distributors for availability and specifications. 
Storage 
Temperature 
Range 
-65'Cto 
+ 150'C 
Input Voltage 
Lead Temperature 
Operating 
Range 
26V 
(Soldering, 
10 seconds) 
260'C 
Overvoltage 
Protection 
60V 


Internal 
Power Dissipation 
(Note 1) 
Internally 
Limited 
ESD rating is to be determined 


Electrical Characteristics 
for VOUT 


VIN = 
14V, C2 = 
10 p.f, 10 = 
500 mA, TJ = 
25'C 
(Note 3) (unless 
otherwise 
specified) 


Parameter 
Conditions 
Mln 
I 
Typ 
Max 
Units 
Note 2 


Output Voltage 
6V<;. VIN <;.26V,I0 
<;.500 mA, 
V 


-40'C<;' 
TJ <;.+ 125'C 
4.75 
5.00 
5.25 


Line Regulation 
9V <;.V,N <;.16V, 10 = 5 mA 
4 
25 
mV 


6V <;.V,N <;.26V, 10 = 5 mA 
10 
50 
mV 


Load Regulation 
5 mA <;.10 <;.500 mA 
10 
50 
mV 


Output 
Impedance 
500 mADC and 10 mArms, 
200 
mo. 


100 Hz-10 kHz 


Quiescent 
Current 
10<;.10mA 
3 
mA 


10 = 500mA 
40 
100 
mA 


10 = 750mA 
90 
mA 


Output 
Noise Voltage 
10 Hz-100 kHz 
100 
p.Vrms 


Long Term Stability 
20 
mV/1000 
hr 


Ripple 
Rejection 
fo=120Hz 
66 
dB 


Dropout 
Voltage 
10= 
500mA 
0.45 
0.6 
V 


'0 = 750 mA 
0.82 
V 


Current 
Limit 
0.75 
1.2 
A 


Maximum 
Operational 
26 
31 
V 


Input Voltage 


Maximum 
Line Transient 
Vo <;.5.5V 
60 
70 
V 


Reverse 
Polarity Input 
Vo;;' 
- 
0.6V, 100. Load 
-15 
-30 
V 
Voltage, 
DC 


Reverse 
Polarity Input 
1% Duty Cycle, 
T <;.100 ms, 
-50 
-80 
V 
Voltage, 
Transient 
100. Load 
, 


Electrical Characteristics 
for Reset Output 


V,N = 
14V, C3 = 
0.1 p.F, TA = 
25'C 
(Note 3) (unless 
otherwise 
specified) 


Parameter 
Conditions 
Mln 
I 
Typ 
Max 
Units 
Note 2 


Reset Voltage 
- 


Output 
Low 
ISINK = 
1.6 mA, VIN = 35V 
0.3 
0.6 
V 


Output 
High 
ISOURCE = 0 
4.5 
5.0 
5.5 
V 


Reset Internal 
Pull-up Resistor 
30 
ko. 


Reset Output Current 
Limit 
VRESET = 
1.2 V 
5 
mA 


VOUT Threshold 
4.5 
V 


Delay Time 
C:J = .005 p.F 
12 
ms 


C3 = 0.1 p.F 
150 
250 
300 
ms 


C3 = 4.7 p.F tantalum 
12 
s 


Delay Current 
Pin 4 
1.2 
1.95 
2.5 
p.A 


Note 
1: Thermal 
resistance 
without a heat sink for junction to case temperature 
is 3°C/W 
(fO-220). 
Thermal 
resistance 
for TO·220 
case to ambient temperature 
is 
50·C/W. 


Note 2: These parameters are guaranteed and 100% production tested. 


Note 
3: To ensure constant 
junction temperature. 
low duty cycle pulse testing is used. 
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Typical Performance 
Characteristics 
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Typical Performance 
Characteristics 
(Continued) 
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Definition of Terms 


Dropout 
Voltage: 
The 
input-output 
voltage 
differential 
at 


which 
the 
circuit 
ceases 
to regulate 
against 
further 
reduc- 


tion in input voltage. 
Measured 
when the output 
voltage 
has 


dropped 
100 mV from 
the 
nominal 
value 
obtained 
at 14V 
input, dropout 
voltage 
is dependent 
upon 
load current 
and 
junction 
temperature. 


Input 
Voltage: 
The 
DC voltage 
applied 
to the input termi- 


nals with respect 
to ground. 


Input-Output 
Differential: 
The voltage 
difference 
between 


the unregulated 
input voltage 
and the regulated 
output 
volt- 


age for which 
the regulator 
will operate. 


Line 
Regulation: 
The 
change 
in 
output 
voltage 
for 
a 


change 
in the input voltage. 
The measurement 
is made un- 


der 
conditions 
of 
low 
dissipation 
or by using 
pulse 
tech- 


niques 
such that the average 
chip temperature 
is not signifi- 


cantly 
affected. 


Load 
Regulation: 
The 
change 
in 
output 
voltage 
for 
a 


change 
in load current 
at constant 
chip temperature. 


Long Term 
Stability: 
Output 
voltage 
stability 
under 
accel- 


erated 
life-test 
conditions 
after 
1000 
hours 
with 
maximum 


rated voltage 
and junction 
temperature. 


Output 
Noise 
Voltage: 
The rms AC voltage 
at the output, 
with 
constant 
load 
and 
no input 
ripple, 
measured 
over 
a 


specified 
frequency 
range. 


Quiescent 
Current: 
The 
part of the 
positive 
input current 


that 
does 
not contribute 
to the 
positive 
load 
current. 
The 


regulator 
ground 
lead current. 


Ripple 
Rejection: 
The ratio of the peak-to-peak 
input ripple 


voltage 
to the peak-to-peak 
output 
ripple voltage. 


Temperature 
Stability 
of Vo: The 
percentage 
change 
in 


ouput voltage 
for a thermal 
variation 
from room temperature 


to either 
temperature 
extreme. 


Application 
Hints 


EXTERNAL 
CAPACITORS 


The LM2925 
output 
capacitor 
is required 
for stability. 
With- 


out it, the regulator 
output will oscillate, 
sometimes 
by many 


volts. Though 
the 10 p.F shown is the minimum 
recommend- 


ed value, actual 
size and type may vary depending 
upon the 
application 
load and temperature 
range. Capacitor 
effective 


series 
resistance 
(ESR) also 
effects 
the 
IC stability. 
Since 


ESR varies 
from 
one brand 
to the next, some 
bench 
work 


may be required 
to determine 
the minimum 
capacitor 
value 


to use in production. 
Worst-case 
is usually 
determined 
at 


the 
minimum 
junction 
and ambient 
temperature 
and 
maxi- 


mum load expected. 


Output 
capacitors 
can be increased 
in size to any desired 


value 
above 
the 
minimum. 
One 
possible 
purpose 
of this 


would 
be to maintain 
the output 
voltages 
during 
brief condi- 
tions 
of negative 
input transients 
that might be characteris- 


tic of a particular 
system. 


Capacitors 
must also be rated 
at all ambient 
temperatures 


expected 
in the 
system. 
Many 
aluminum 
type 
electrolytics 


will freeze 
at temperatures 
less than 
- 30·C, reducing 
their 


effective 
capacitance 
to zero. To maintain 
regulator 
stability 


down to -40·C, 
capacitors 
rated at that temperature 
(such 


as tantalums) 
must be used. 


RESET OUTPUT 


The range of values for the delay capacitor 
is limited only by 


stray capacitances 
on the 
lower 
extreme 
and capacitance 


leakage 
on the other. 
Thus, delay times from 
microseconds 


to seconds 
are possible. 
The low charging 
clJrrent, typically 


2.0 
microamps, 
allows 
the 
use of small, 
inexpensive 
disc 


capacitors 
for the nominal 
range of 100 to 500 milliseconds. 


This is the time 
required 
in many 
microprocessor 
systems 


for the clock 
oscillator 
to stabilize 
when initially powered 
up. 


The RESET output 
of the regulator 
will thus prevent 
errone- 


ous data and/or 
timing functions 
to occur during this part of 


operation. 
The same 
delay 
is incorporated 
after 
any other 


fault condition 
in the regulator 
output 
is corrected 
. 
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f:}1National 
Semiconductor 


LM2926/LM2927 
Low Dropout Regulator with Delayed Reset 


General Description 


The 
LM2926 
is a 5V, 500 
mA, low dropout 
regulator 
with 


delayed 
reset. 
The microprocessor 
reset 
flag is set low by 


thermal 
shutdown, 
short 
circuits, 
overvoltage 
conditions, 
dropout, 
and power-up. 
After the fault condition 
is corrected, 


the reset 
flag 
remains 
low for a delay 
time determined 
by 


the delay 
capacitor. 
Hysteresis 
is included 
in the reset 
cir- 


cuit to prevent 
oscillations, 
and a reset output 
is guaranteed 


down to 3.2V supply 
input. A latching 
comparator 
is used to 


discharge 
the delay capacitor, 
which 
guarantees 
a full reset 


pulse 
even when 
triggered 
by a relatively 
short 
fault condi- 
tion. 
A patented 
quiescent 
current 
reduction 
circuit 
drops 


the ground 
pin current 
to 8 mA at full load when 
the input- 


output 
differential 
is 3V or more. 


Familiar 
PNP regulator 
features 
such as reverse 
battery 
pro- 
tection, 
transient 
protection, 
and overvoltage 
shutdown 
are 


included 
in the LM2926 
making it suitable 
for use in automo- 
tive and battery 
operated 
equipment. 


The LM2927 
is electrically 
identical 
to the LM2926 
but has a 


different 
pin-out. 
The LM2927 
is pin-tor-pin 
compatible 
with 


·Required 
if regUlator is located far (>2'") 
from power supply filter. 


··Co 
must be at least 10 ""F to maintain stability. May be increased 
without 
bound to maintain 
regulation 
during transients. 
Locate as close as possible 
to the regulator. 
This capacitor 
msut be rated over the same operating tern· 
perature 
range as the regulator. 
The equivalent 
series resistance 
(ESR) 
of 


this capacitor 
is critical; see curve under Typical 
Performance 
Character- 


Istics. 


the 
L4947 
and TLE4260 
alternatives. 
The 
LM2926 
is pin- 


tor-pin 
compatible 
with the LM2925. 


Features 


• 
5% output 
accuracy 
over entire 
operating 
range 


• 
Dropout 
voltage 
typically 
350 mV at 500 mA output 


• 
Externally 
programmed 
reset delay 


• 
Short 
circuit 
proof 


• 
Reverse 
battery 
proof 


• 
Thermally 
protected 
• 
LM2926 
is pin-for-pin 
compatible 
with the LM2925 


• 
P+ 
Product 
Enhancement 
tested 


Applications 


• 
Battery 
operated 
equipment 


• 
Microprocessor-based 
systems 


• 
Portable 
instruments 


Oelsyod 
Rosot 


Output 


Front View 
Order 
Number 
LM2926T 
See NS Package 
Number 
T05A 


Front View 
Order 
Number 
LM2927T 


See NS Package 
Number 
T05A 


S DELAYED 
RESET 
OUTPUT 


4 DELAY 
CAPACITOR 


3 GROUND 


2 
OUTPUT 
VOLTAGE 
(Vo) 


1 INPUT 
VOLTAGE 
(VIN) 


S OUTPUT 
VOLTAGE 
(Vo) 


4 DELAY 
CAPACITOR 


3 GROUND 
2 DELAYED 
RESET OUTPUT 


1 INPUT 
VOLTAGE 
(VIN) • 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
ESD Susceptibility 
(Note 2) 
2kV 


please 
contact 
the 
National 
Semiconductor 
Sales 
Power Dissipation 
(Note 3) 
Internally 
Limited 
Office/Distributors 
for 
availability 
and 
specifications. 
Junction 
Temperature 
(TJMAX) 
150'C 
Input Voltage 
Storage 
Temperature 
Range 
- 40'C to + 150'C 
Survival 
Lead Temperature 
(Soldering, 
10 sec.) 
260'C 
t = 
100 ms 
80V 


t= 
1 ms 
-50V 
Operating 
Ratings 
(Note 1) 
Continuous 
-18Vto 
+26V 


Reset Output 
Sink Current 
10mA 
Junction 
Temperature 
Range (TJ) 
- 40'C to + 125'C 


Maximum 
Input Voltage 
26V 


Electrical Characteristics 
VIN = 
14.4V, Co = 
10 JLF, 
-40'C 
:0; TJ :0; 125'C, 
unless otherwise 
specified. 


Conditions 
Typ 
Limit 
Units 
Parameter 
(Note 
4) 
(Note 
5) 
(Limit) 


REGULATOR 
OUTPUT 


Output Voltage 
5 mA 
:0; 10 :0; 500 mA, 
4.85 
V (min) 


TJ = 25'C 
5 
V 


5.15 
V (max) 


5 mA 
:0; 10 :0; 500 mA 
4.75 
V (min) 


5 
V 


5.25 
V (max) 


Line Regulation 
10 = 5 mA, 9V:o; VIN :0; 16V 
1 
mV 


25 
mV(max) 


10 = 5 mA, 7V 
:0; VIN :0; 26V 
3 
mV 


50 
mV(max) 


Load Regulation 
5 mA 
:0; 10 :0; 500 mA 
5 
mV 


60 
mV(max) 


Quiescent 
Current 
10 = 5mA 
2 
mA 


3 
mA(max) 


10 = 500mA 
8 
mA 


30 
mA(max) 


Quiescent 
Current 
at Low VIN 
10 = 5 mA, VIN = 5V 
3 
mA 


10 
mA(max) 


10 = 500 mA, VIN = 6V 
25 
mA 


60 
mA(max) 


Dropout 
Voltage 
(Note 6) 
10 = 5 mA, TJ = 25'C 
60 
mV 


\ 
200 
mV(max) 


10 = 5mA 
300 
mV(max) 


10 = 500 mA, TJ = 25'C 
350 
mV 


600 
mV(max) 


10 = 500mA 
700 
mV(max) 


Short Circuit Current 
VIN = 8V,RL 
= 
10 
800 
mA(min) 


2 
A 


3 
A (max) 


Ripple Rejection 
fRIPPLE = 
120 Hz, VRIPPLE = 
1 Vrms, 
10 = 50 mA 
60 
dB (min) 


Output 
Impedance 
10 = 50 mAde and 10 mArms 
@ 1 kHz 
100 
mO 


Output 
Noise 
10Hz 
to 100 kHz, 10 = 50 mA 
1 
mVrms 


Long Term Stability 
20 
mV/1000 
Hr 


Maximum 
Operational 
Input Voltage 
Continuous 
26 
V (min) 


Electrical Characteristics 
VIN = 14.4V, Co = 10 ).LF, -40·C 
:0; TJ 
:0; 125·C, unless 
otherwise 
specified 
(Continued) 


Conditions 
Typ 
Limit 
Units 
Parameter 
(Note 
4) 
(Note 
5) 
(Limit) 


REGULATOR 
OUTPUT 
(Continued) 


Peak Transient 
Input Voltage 
Va 
:0; 7V, RL = 100n, 
tf = 100 ms 
80 
V (min) 


Reverse 
DC Input Voltage 
Va;;' 
-0.6V, 
RL = 100n 
-18 
V (min) 


Reverse 
Transient 
Input Voltage 
t, = 1 ms, RL = 100n 
-50 
V (min) 


RESET OUTPUT 


Threshold 
I:;.Va Required 
for Reset Condition 
(Note 7) 
-80 
mV(min) 


-250 
mV 


-400 
mV(max) 


Output 
Low Voltage 
ISINK = 1.6 mA, VIN = 3.2V 
0.15 


0.4 
V (max) 


Internal 
Pull-Up Resistance 
30 
kn 


Delay Time 
COELAY = 10 nF (See Timing Curve) 
19 
ms 


Minimum 
Operational 
VIN 
Delayed 
Reset Output 
:0; 0.8V, 
2.2 
V 


on Power Up 
ISINK = 1.6 mA, RL = 100n 
3.2 
V (min) 


Minimum 
Operational 
Va 
Delay Reset Output 
:0; 0.8V, 
0.7 
V 
on Power Down 
ISINK = 10 ).LA, VIN = OV 


DELAY 
CAPACITOR 
PIN 


Threshold 
Difference 
(I:;.VOELAY) 
Change 
in Delay Capacitor 
Voltage 
Required 
for 
3.5 
V (min) 


Reset Output to Return High 
3.75 
V 


4.1 
V (max) 


Charging 
Current 
(IOELAY) 
1.0 
).LA (min) 


2.0 
).LA 


3.0 
).LA (max) 


Note 1: Absolute 
Maximum 
Ratings 
indicate limits beyond which damage to the device may occur. Operating 
Ratings 
indicate conditions 
for which the device is 
intended to be functional, 
but do not guarantee specific performance 
limits. For guaranteed specifications 
and test conditions, 
see the Electrical 
Characteristics. 


Note 2: Human body model; 100 pF discharged 
through a 1.5 kn resistor. 


Note 3: The maximum power dissipation is a function of TJMAX. and 8JA. and TA. and is limited by thermal shutdown. The maximum allowable power dissipation at 
any ambient temperature 
is Po = (TJMAX- 
TpJ/8JA. If this dissipation 
is exceeded, 
the die temperature 
will rise above 150'"C and the device will go into thermal 
shutdown. 
For the LM2926 and LM2927, the junction·to·ambient 
thermal resistance 
is 53"C/W, 
and the junction·to·case 
thermal resistance 
is 'JOC/W. 


Note 4: Typicals are at TJ = 25°C and represent 
the most likely parametric 
norm. 


Note 5: Limits are 100% guaranteed 
by production 
testing. 


Note 
6: Dropout voltage 
is the input-output 
differential 
at which the circuit ceases to regulate against any further reduction 
in input voltage. 
Dropout voltage 
is 
measured when the output voltage (Vo) has dropped 
100 mV from the nominal value measured at VIN = 14.4V. 


Note 7: The reset flag is set LOW when the output voltage 
has dropped an amount, dVO' from the nominal value measured at VIN = 14.4V. 
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Typical Performance 
Characteristics 
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Typical Performance 
Characteristics 
(Continued) 
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Typical Circuit Waveforms 
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high 
as several 
volts 
peak-to-peak 
at 
frequencies 
up to 
500 
kHz. 
Although 
10 /LF is the 
minimum 
recommended 
value, 
the 
actual 
size and type 
may vary depending 
upon 
the 
application 
load 
and 
temperature 
range. 
Capacitor 
equivalent 
series resistance 
(ESR) also affects 
stability. 
The 
region of stable 
operation 
is shown 
in the Typical 
Perform- 
ance 
Characteristics 
(Output 
Capacitor 
ESR curve). 


Output 
capacitors 
can be increased 
in size to any desired 
value 
above 
10 /LF. One possible 
purpose 
of this would 
be 
to maintain 
the output 
voltage 
during 
brief conditions 
of in- 
put 
transients 
that 
might 
be characteristic 
of a particular 
system. 


Capacitors 
must also be rated 
at all ambient 
temperatures 
expected 
in the system. 
Many aluminum 
electrolytics 
freeze 
at temperatures 
below 
-30·C, 
reducing 
their 
effective 
ca- 
pacitance 
to zero. 
To maintain 
regulator 
stability 
down 
to 
-40·C, 
capacitors 
rated at that temperature 
(such as tanta- 
lums) must be used. 


DELAYED 
RESET 


The delayed 
reset output 
is designed 
to hold a microproces- 
sor in a reset state on system 
power-up 
for a programmable 
time 
interval 
to allow 
the system 
clock 
and other 
powered 
circuitry 
to stabilize. 
A full reset 
interval 
is also 
generated 
whenever 
the output 
voltage 
falls out of regulation. 
The cir- 
cuit is tripped 
whenever 
the output 
voltage 
of the regulator 
is out of regulation 
by the Reset 
Threshold 
value. 
This can 
be caused 
by low input 
voltages, 
over 
current 
conditions, 
over-voltage 
shutdown, 
thermal 
shutdown, 
and 
by 
both 
power-up 
and power-down 
sequences. 
When 
the reset cir- 
cuit detects 
one of these 
conditions, 
the delay 
capacitor 
is 
discharged 
by an SCR and held in a discharged 
state 
by a 
saturated 
NPN switch. 
As long as the delay capacitor 
is held 
low, the reset output 
is also held low. Because 
of the action 
of the SCR, the reset output 
cannot 
glitch on noise or tran- 
sient fault 
conditions. 
A full reset 
pulse 
is obtained 
for any 
fault condition 
that trips the reset circuit. 


When the output 
regains 
regulation, 
the SCR is switched 
off 
and a small 
current 
(IOELAY = 2 /LA) begins 
charging 
the 
delay 
capacitor. 
When 
the 
capacitor 
voltage 
increases 
3.75V (aVOELAY) from its discharged 
value, the reset output 
is again set HIGH. The delay time is calculated 
by: 


delay time = COELAyaVOELAY 
(1) 
IOELAY 


delay time z 1.9 X 106 COELAY 
(2) 


The constant, 
1.9 X 106, has a ±20% 
tolerance 
from 
de- 
vice to device. 
The total delay time error budget 
is the sum 
of the 20% device 
tolerance 
and the tolerance 
of the exter- 
nal capacitor. 
For 
a 20% 
timing 
capacitor 
tolerance, 
the 
worst case total timing variation 
would amount 
to ± 40%, 
or 
a ratio of 2.33:1. 
In most applications 
the minimum 
expected 
reset pulse is of interest. 
This occurs 
with minimum 
COELAY, 
minimum 
aVOELAY, 
and 
maximum 
IOELAY. aVOELAY 
and 
IOELAyare 
fully specified 
in the Electrical 
Characteristics. 
Graphs 
showing 
the 
relationship 
between 
delay 
time 
and 
both 
temperature 
and 
COELAY are 
shown 
in the 
Typical 
Performance 
Characteristics. 


reset 
output 
will operate 
when 
Va 
is sufficient 
to bias 02 
(0.7V or more). At lower voltages 
the reset output will be in a 
high 
impedance 
condition. 
Because 
of differences 
in the 
VSE of 02 
and 
03 
and 
the 
values 
of 
R1 and 
R2, 02 
is 
guaranteed 
by design to bias before 
03, 
providing 
a smooth 
transition 
from the high impedance 
state 
when 
Va < 0.7V, 
to the active 
low state when 
Va > 0.7V. 


FIGURE 
1. Delay 
Reset 
Output 


The static 
reset characteristics 
are shown 
in Figure 2. This 
shows 
the relationship 
between 
the input voltage, 
the regul- 
tor output 
and reset output. 
Plots are shown 
for various 
ex- 
ternal 
pull-up 
resistors 
ranging 
in value 
from 
3 k.o. to an 
open circuit. 
Any external 
pull-up 
resistance 
causes 
the re- 
set output 
to follow 
the regulator 
output 
until 02 
is biased 
ON. COELAY has no effect 
on this characteristic. 
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TL/H/10759-7 
FIGURE 
2. Reset 
Output 
Behavior 
during 
Power-Up 


Figure 2 is useful 
for determing 
reset 
performance 
at any 
particular 
input voltage. 
Dynamic 
performance 
at power-up 
will closely 
follow 
the characteristics 
illustrated 
in Figure 
2, 
except 
for the delay added by COELAY when Va reaches 
5V. 


The dynamic 
reset 
characteristics 
at power-down 
are illus- 
trated 
by the curve shown 
in Figure 3. At time t = 0 the input 
voltage 
is instantaneously 
brought 
to OV, leaving 
the output 
powered 
by Co. As the voltage 
on Co decays 
(discharged 
by a 100.0. load resistor), 
the reset output 
is held low. As Va 
drops below 0.7V, the reset rises up slightly 
should 
there 
be 
any external 
pull-up resistance. 
With no external 
resistance, 


the reset 
line stays 
low throughout 
the entire 
power 
down 
cycle. 
If the input voltage 
does not fall instantaneously, 
the 
reset signal will tend to follow 
the performance 
characteris- 
tics shown 
in Figure 2. 
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± 10%, 
although 
they often 
continue 
operating 
well outside 


this range. 
Others, 
such 
as certain 
members 
of the COPS 


family of microcontrollers, 
are specified 
for operation 
as low 


as 2.4V. 
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FIGURE 
3. Reset Output 
Behavior 
during 
Power-Down 


Of particular 
concern 
is low voltage 
operation, 
which 
occurs 


in battery 
operated 
systems 
when 
the battery 
reaches 
the 


end of its discharge 
cycle. 
Under 
this condition, 
when 
the 


supply 
voltage 
is outside 
the 
guaranteed 
operating 
range, 
the clock 
may continue 
to run and the microprocessor 
will 


attempt 
to execute 
instructions. 
If the supply voltage 
is out- 


side the guaranteed 
operating 
range, 
the 
instructions 
may 


not execute 
properly 
and a hardware 
reset 
such as is sup- 
plied by the LM 2926/7 
may fail to bring the processor 
un- 


der control. 
The LM2926/7 
reset 
output 
may be more effi- 
ciently 
employed 
in certain 
applications 
as a means 
of de- 
feating 
memory 
WRITE 
lines, clocks, 
or external 
loads, rath- 
er than depending 
on unspecified 
microprocessor 
operating 


conditions. 


In critical 
applications 
the microprocessor 
reset input should 


be fully characterized 
and guaranteed 
to operate 
until the 


clock 
ceases 
oscillating. 


INPUT TRANSIENTS 


The 
LM2926/7 
are guaranteed 
to withstand 
positive 
input 
transients 
to 
BOV 
followed 
by 
an 
exponential 
decay 
of 


T = 20 ms (tf = 100 ms, or 5 time constants) 
while 
main- 


taining 
an output 
of less 
than 
7V. The 
regulator 
remains 


operational 
to 26 Voc, 
and shuts 
down 
if this value 
is ex- 


ceeded. 
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General Description 
The LM2930 3-terminal positive regulator features an ability 
to source 150 mA of output current with an input-output 
differential of 0.6V or less. Efficient use of low input voltages 
obtained, for example, from an automotive battery during 
cold crank conditions, allows 5V circuitry to be properly 
powered with supply voltages as low as 5.6V. Familiar regu- 
lator features such as current limit and thermal overload 
protection are also provided. 
Designed originally for automotive applications, the LM2930 
and all regulated circuitry are protected from reverse battery 
installations or 2 battery jumps. During line transients, such 
as a load dump (40V) when the input voltage to the regula- 
tor can momentarily exceed the specified maximum operat- 
ing voltage, the regulator will automatically shut down to 
protect both internal circuits and the load. The LM2930 can- 
not be harmed by temporary mirror-image insertion. 
Fixed outputs of 5V and 8V are available in the plastic TO- 
220 and TO-263 power packages. 


Features 
• 
Input-output differential less than 0.6V 
• 
Output current in excess of 150 mA 
• 
Reverse battery protection 
• 
40V load dump protection 
• 
Internal short circuit current limit 
• 
Internal thermal overload protection 
• 
Mirror-image insertion protection 
• 
P+ Product Enhancement tested 


Voltage Range 
LM2930T-5.0 


LM2930T-8.0 
LM2930S-5.0 
LM2930S-8.0 


Connection 
Diagrams 


(TO-220) 
Plastic Package 


~===::>:~~~PUT 
L.LF~=====:>;INPUT 


Front View 


Order 
Number 
LM2930T-S.O 
or LM2930T-S.O 
See NS Package 
Number 
T03B 


(TO-263) 
Plastic Surface-Mount 
Package 


TAB 
ISa 
OUTPUT 
GNDL 
GND 


INPUT 


Side View 


Order 
Number 
LM29305-S.0 
or LM29305-S.0 


See NS Package 
Number 
TS3B 


Office/Distributors 
for availability 
and specifications. 


Input Voltage 


Operating 
Range 


Overvoltage 
Protection 


Reverse 
Voltage 
(100 ms) 


Reverse 
Voltage 
(DC) 


26V 
40V 
-12V 
-6V 


Maximum 
Junction 
Temperature 


Storage 
Temperature 
Range 


Lead Temp. 
(Soldering, 
10 seconds) 


125'C 


- 65'C to + 150'C 


230'C 


Electrical Characteristics 
(Note 2) 


LM2930-5.0 
VIN= 14V, 10= 150 mA, Tj=25'C 
(Note 
5), C2= 
10 fLF, unless 
otherwise 
specified 


Tested 
Design 
Parameter 
Conditions 
Typ 
Limit 
Limit 
Unit 


(Note 
3) 
(Note 
4) 


Output 
Voltage 
5 
5.3 
VMAX 


4.7 
VMIN 


6V"VIN,,26V, 
5 mA"lo" 
150 mA 
5.5 
VMAX 
-40'C"TJ" 
125'C 
4.5 
VMIN 


Line Regulation 
9V"VIN,,16V, 
10=5 
mA 
7 
25 
mVMAX 


6V"VIN,,26V, 
10= 5 mA 
30 
80 
mVMAX 


Load Regulation 
5 mA"lo,,150 
mA 
14 
50 
mVMAX 


Output 
Impedance 
100 mADe & 10 mArms, 100 Hz-l0 
kHz 
200 
. 
mO 


Quiescent 
Current 
10=10 
mA 
4 
7 
mAMAX 


10=150 
mA 
18 
40 
mAMAX 


Output 
Noise Voltage 
10 Hz-l00 
kHz 
140 
fLVrms 


Long Term Stability 
20 
mV/l000 
hr 


Ripple 
Rejection 
fo=120Hz 
56 
dB 


Current 
Limit 
400 
700 
mAMAX 


150 
mAMIN 


Dropout 
Voltage 
10=150 
mA 
0.32 
0.6 
VMAX 


Output Voltage 
Under 
-12V"VIN,,40V, 
RL = 1000 
5.5 
VMAX 
Transient 
Conditions 
-0.3 
VMIN 


Electrical Characteristics 
(Note 2) 


LM2930-8.0 
(VIN = 14V, 10= 150 mA, Tj = 25'C 
(Note 5), C2 = 10 fLF, unless 
otherwise 
specified) 


Tested 
Design 
Parameter 
Conditions 
Typ 
Limit 
Limit 
Unit 


(Note 
3) 
(Note 
4) 


Output 
Voltage 
8 
8.5 
VMAX 


7.5 
VMIN 


9.4V"VIN,,26V, 
5 mA"lo,,150 
mA, 
8.8 
VMAX 


-40'C"TJ" 
125'C 
7.2 
VMIN 


Line Regulation 
9.4V"VIN,,16V, 
10=5 
mA 
12 
50 
mVMAX 


9.4V"VIN,,26V, 
10=5 
mA 
50 
100 
mVMAX 


Load Regulation 
5 mA"lo" 
150 mA 
25 
50 
mVMAX 


Output 
Impedance 
100 mADe & 10 mArms, 100 Hz-l0 
kHz 
300 
mO 


Quiescent 
Current 
10=10 
mA 
4 
7 
mAMAX 


10=150mA 
18 
40 
mAMAX 


Output 
Noise Voltage 
10 Hz-l00 
kHz 
170 
fLVrms 


Long Term Stability 
30 
mV/l000 
hr 


Ripple 
Rejection 
fo=120 
Hz 
52 
dB 


Current 
Limit 
400 
700 
mAMAX 


150 
mAMIN 


Dropout 
Voltage 
10=150mA 
0.32 
0.6 
VMAX 


Output Voltage 
Under 
-12V"VIN,,40V, 
RL = 1000 
8.8 
VMAX 
Transient 
Conditions 
-0.3 
VMIN 


Note 1: Thermal resistance without a heat sink for junction to case temperature 
is 3°C/W 
and for case to ambient temperature 
is 50"C/W for the TO·220, 73°C/W 
for the TO~263. If the TO~263 package 
is used, the thermal 
resistance 
can be reduced 
by increasing 
the P.C. board copper area thermally 
connected 
to the 
package. Using 0.5 square inches of copper area, 8JA is 50°C/W; 
with 1 square inch of copper area, 8JA is 3rC/W; 
and with 1.6 or more square inches of copper 
area, 8JA is 3'Z'C/W. 


Note 2: All characteristics 
are measured with a capacitor across the input of 0.1 ,..,F and a capacitor across the output of 10 ,..,F. All characteristics 
except noise 
voltage and ripple rejection ratio are measured using pulse techniques 
(tw:;;;'10 ms, duty cycle s:5%). Output voltage changes duCtto changes in internal tempera· 
ture must be taken into account separately. 


Note 3: Guaranteed 
and 100% production 
tested. 


Note 4: Guaranteed 
(but not 100% production 
tested) over the operating temperature 
and input current ranges. These limits are not used to calculate 
outgoing 
quality levels. 


Note 5: To ensure constant 
junction temperature, 
low duty cycle pulse testing is used. 


Typical Application 
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·Required 
if regulator is located far 


from power supply filter. 


"COUT 
must be at least 10 ,...F to 
maintain stability. May be increased 
without 


bound to maintain regulation during 
transients. 
Locate as close as possible 
to the regulator. This capacitor 
must be 
rated over the same operating 
temperature 


range as the regulator. The equivalent 
series resistance 
(ESR) of this capacitor 
should be less than 1n over the 
expected operating 
temperature 
range. 
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INPUTVOLTAGEIV) 


Typical Performance 
Characteristics 
(Continued) 


Dropout Voltage 
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Definition of Terms 
Dropout 
Voltage: The input-output voltage differential at 


which the circuit ceases to regulate against further reduc- 
tion in input voltage. Measured when the output voltage has 
dropped 100 mV from the nominal value obtained at 14V 
input, dropout voltage is dependent upon load current and 
junction temperature. 
Input Voltage: The DC voltage applied to the input termi- 
nals with respect to ground. 
Input-Output 
Differential: 
The voltage difference between 


the unregulated input voltage and the regulated output volt- 
age for which the regulator will operate. 
Une 
Regulation: 
The change in output voltage for a 


change in the input voltage. The measurement is made un- 
der conditions of low dissipation or by using pulse tech- 
niques such that the average chip temperature is not signifi- 
cantly affected. 
Load 
Regulation: 
The change in output voltage for a 


change in load current at constant chip temperature. 


Long Term Stability: Output voltage stability under accel- 
erated life-test conditions after 1000 hours with maximum 
rated voltage and junction temperature. _ 
Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 
Quiescent Current: That part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 


Ripple Rejection: The ratio of the peak-to-peak input ripple 
voltage to the peak-to-peak output ripple voltage. 
Temperature 
Stability 
of Vo: The percentage change in 


output voltage for a thermal variation from room tempera- 
ture to either temperature extreme. 
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General Description 


The LM2931 
positive 
voltage 
regulator 
features 
a very low 
quiescent 
current 
of 1 mA or less when 
supplying 
10 mA 
loads. 
This 
unique 
characteristic 
and the extremely 
low in- 
put-output 
differential 
required 
for proper 
regulation 
(0.2V 
for output 
currents 
of 10 mAl 
make 
the 
LM2931 
the ideal 
regulator 
for standby 
power 
systems. 
Applications 
include 
memory 
standby 
circuits, 
CMOS 
and other 
low power 
proc- 
essor 
power 
supplies 
as well 
as systems 
demanding 
as 
much as 100 mA of output 
current. 


Designed 
originally 
for automotive 
applications, 
the LM2931 
and all regulated 
circuitry 
are protected 
from reverse 
battery 
installations 
or 2 battery 
jumps. 
During line transients, 
such 
as a load dump 
(60V) when 
the input voltage 
to the regula- 
tor can momentarily 
exceed 
the specified 
maximum 
operat- 


ing voltage, 
the 
regulator 
will 
automatically 
shut 
down 
to 
protect 
both internal 
circuits 
and the load. The LM2931 
can- 


not be harmed 
by temporary 
mirror-image 
insertion. 
Familiar 
regulator 
features 
such as short circuit and thermal 
overload 
protection 
are also provided. 


The LM2931 
family includes 
a fixed 5V output (± 3.8% toler- 
ance for A grade) or an adjustable 
output 
with ON/OFF 
pin. 
Both 
versions 
are available 
in a TO-220 
power 
package, 
TO-263 
surface 
mount 
package, 
and 
an 
8-lead 
surface 
mount 
package. 
The fixed output version 
is also available 
in 
the TO-92 
plastic 
package. 


Features 


• 
Very low quiescent 
current 


• 
Output 
current 
in excess 
of 100 mA 


• 
Input-output 
differential 
less than 0.6V 


• 
Reverse 
battery 
protection 


• 
60V load dump 
protection 


• 
- 50V reverse 
transient 
protection 


• 
Short 
circuit 
protection 


• 
Internal 
thermal 
overload 
protection 


• 
Mirror-image 
insertion 
protection 


• 
Available 
in TO-220, 
TO-92, 
TO-263 
or 50-8 
packages 


• 
Available 
as adjustable 
with TTL compatible 
switch 


Output 
Part Number 
Package 


Number 
Type 


LM2931T-5.0, 
LM2931AT-5.0 
3-Lead 
TO-220 


LM2931 5-5.0, 
LM2931 AS-5.0 
3-Lead 
TO-263 
5V 
LM2931Z-5.0, 
LM2931 AZ-5.0 
TO-92 


LM2931 M-5.0, LM2931 AM-5.0 
8-LeadSO 


Adjustable, 
LM2931CT 
5-Lead 
TO-220 


3Vt024V 
LM2931CS 
5-Lead 
TO-263 


LM2931CM 
8-Lead 
SO 


VIN 
UNREGULATED 
INPUT 
Cl*D.II 


VOUT 
REGULATEO 
OUTPUT 
C2** 
J 
1DD 
"F 


·Required 
if regulator is located far from power supply filter. 


"C2 
must be at least 100 j.LFto maintain stability. May be increased without 
bound to maintain regulation during transients. 
Locate as close as possible 
to the regulator. This capacitor 
must be rated over the same operating tem- 
perature range as the regulator. 
The equivalent 
series resistance 
(ESR) 01 
this capacitor 
is critical; see curve. 


LM2931 
Adjustable 
Output 


Vcc 


RJ 
51k 
'N 
OUT 
OFF 
Your 


ONIOFF 
LM2931 
Rl 
ADJUSTABLE 
28k 


ON 
+ 
C2"" 
100pF 
GNO 


Al + A2 
Your = Reference Voltagex -A-1- 


Note: Using 27k for R1 will automatically 
compensate 
for errors in Your due 
to the input bias current of the ADJ pin (approximately 
1 p.A). 


Connection Diagrams and Ordering Information 


FIXED 
SV OUTPUT 


TO-220 
3-Lead 
Power 
Package 
~~~~~~~~:~~~ 


Front 
View 


Order 
Number 
LM2931T-S.O 
or LM2931AT-S.O 
See NS Package 
Number 
T03B 


OUT 
Ie 


GND 


GND 
3 


Ne· 
• 


8 
IN 


GND 


GND 


• NC = Not internally connected 


Top View 


Order 
Number 
LM2931M-S.O 
or LM2931AM-S.O 
See NS Package 
Number 
M08A 


TO-220 
S-Lead 
Power 
Package 
[ill 


5 OUT 
O 
======- 4 
IN 
======- 3 GND 
!i 
======- 2 ON/OFF 


<.> 
0 ======- 1 ADJUST 


Front 
View 


Order 
Number 
LM2931CT 
See NS Package 
Number 
TOSA 


OUT 
1e 
IN 


GND 
7 
GND 


Top View 


Order 
Number 
LM2931CM 
See NS Package 
Number 
M08A 


TO-263 
Surface-Mount 
Package 
. 


TABUS 
OUTPUT 
GND 
GND 


INPUT 


TL/H/5254-11 


Side View 


Order 
Number 
LM29315-S.0 
or LM2931A5-S.0 


See NS Package 
Number 
TS3B 


TO·92 
Plastic 
Package 


OUTB 


IN 


GND 


Bottom 
View 


Order 
Number 
LM2931Z-S.0 
or LM2931AZ-S.O 


See NS Package 
Number 
Z03A 


TO-263 
S-Lead 
Surface-Mount 
Package 


TABUS 
OUT 
GND 
b~D 
ON/OFF 
ADJUST 


Side View 


Order 
Number 
LM2931CS 
See NS Package 
Number 
TSSB 


Absolute Maximum Ratings 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors 
for 
availability 
and specifications. 


Input Voltage 
Operating 
Range 
26V 
Overvoltage 
Protection 
LM2931 A, LM2931 CT, LM2931 CS Adjustable 
60V 
LM2931 
50V 


Internal 
Power 
Dissipation 
(Notes 
1 and 3) 


Operating 
Ambient 
Temperature 
Range 


Maximum 
Junction 
Temperature 


Storage 
Temperature 
Range 


Lead Temp. (Soldering, 
10 seconds) 


ESD Tolerance 
(Note 4) 


Internally 
Limited 


-40"Cto 
+ 85'C 


125'C 


- 65'C to + 150'C 


230'C 


2000V 


Electrical Characteristics 
for Fixed 5V Version 
VIN = 14V, 10 = 10 mA, TJ = 25'C, 
C2 = 100 ",F (unless 
otherwise 
specified) 
(Note 
1) 


LM2931A-5.0 
LM2931·5.0 


Conditions 
Units 
Parameter 
Limit 
Limit 
Limit 
Typ 
(Note 
2) 
Typ 
(Note 
2) 


Output 
Voltage 
5 
5.19 
5.25 
VMAX 


4.81 
4.75 
VMIN 


6.0V ~ VIN ~ 26V, 10 = 100 mA 
5.25 
5.5 
VMAX 
-40'C 
~ Tj ~ 125'C 
4.75 
4.5 
VMIN 


Line Regulation 
9V ~ V,N ~ 16V 
2 
10 
2 
10 
mVMAX 


6V ~ VIN ~ 26V 
4 
30 
4 
30 
mVMAX 


Load Regulation 
5mA 
~ 10 ~ 100mA 
14 
50 
14 
50 
mVMAX 


Output 
Impedance 
100 mAoc 
and 10 mArms, 
200 
200 
mnMAX 


100 Hz-10 
kHz 


Quiescent 
Current 
10 ~ 10mA,6V 
~ VIN ~ 26V 
0.4 
1.0 
0.4 
1.0 
mAMAX 


-40'C 
~ Tj ~ 125'C 


10 = 100 mA, VIN = 14V, Tj = 25'C 
15 
30 
15 
mAMAX 


5 
mAMIN 


Output 
Noise Voltage 
10 Hz-100 
kHz, COUT = 100 ",F 
500 
500 
",VrmsuAv 


Long Term Stability 
20 
20 
mV/1000hr 


Ripple Rejection 
fa = 120 Hz 
80 
55 
80 
dBMIN 


Dropout 
Voltage 
10 = 10mA 
0.05 
0.2 
0.05 
0.2 
VMAX 


10 = 100mA 
0.3 
0.6 
0.3 
0.6 
VMAX 


Maximum 
Operational 
33 
33 
VMAX 
Input Voltage 
26 
26 
VMIN 


Maximum 
Line Transient 
RL = 500n, 
Va ~ 5.5V, 


70 
60 
70 
50 
VMIN 
T = 1 ms, T 
~ 
100 ms 


Reverse 
Polarity 
Input 
Va;;' 
-0.3V, 
RL = 500n 


Voltage, 
DC 
-30 
-15 
-30 
-15 
VMIN 


Reverse 
Polarity 
Input 
T = 1 ms, T 
,;; 100 ms, RL = 500n 


Voltage, 
Transient 
-80 
-50 
-80 
-50 
VMIN 


Note 
1: See circuit in Typical Applications. 
To ensure constant junction temperature, 
low duty cycle pulse testing is used. 


Note 2: All limits Bre guaranteed for TJ = 25°C (standard type face) or over the full operating junction temperature 
range of - 400C to + 125°C (bold type face). 


Note 3: The maximum power dissipation 
is a function 
of maximum junction temperature 
TJmax. total thermal resistance 
9JA. and ambient temperature 
TA. The 


maximum allowable 
power dissipation at any ambient temperature 
is Po = (TJmax - 
TJJI8JA. 
If this dissipation 
is exceeded, 
the die temperature 
will rise above 
1SO"Cand the LM2931 will go into thermal shutdown. For the LM2931 in the TO-92 package, 8JA is 19S'C/W; 
in the 50-8 packege, 8JA is 16O"C/W. and in the TO- 


220 package. 8JA is 500C/W; 
and in the TO·263 package, 8JA is 73"C/W. 
If the TO-220 package is used with a heat sink, 8JA is the sum of the package thermal 


resistance 
junction·to·case 
of 'J"C/W and the thermal resistance 
added by the heat sink and thermal interface. 


If the TO-263 package is used. the thermal resistance 
can be reduced by increasing the P.C. board copper area thermally connected 
to the package: Using 0.5 
square inches of copper area, 8JA is 500C/W; 
with 1 square inch of copper area, 8JA is 3rC/W; 
and with 1.6 or more square inches of copper area, 8JA is 3Z'C/W. 


Note 4: Human body model, 100 pF discharged 
through 
l,S kfi. 
• 
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Limit 


Reference 
Voltage 
1.20 
1.26 
VMAX 


1.14 
VMIN 


10':; 100 mA, -40'C 
,:; Tj ,:; 125'C, 
R1 = 27k 
1.32 
VMAX 


Measured 
from VOUT to Adjust 
Pin 
1.08 
VMIN 


Output Voltage 
Range 


- 


24 
VMAX 


3 
VMIN 


Line Regulation 
VOUT + 0.6V ,:; VIN ,:; 26V 
0.2 
1.5 
mVIVMAX 


Load Regulation 
5 mA ,:; 10 ,:; 100 mA 
0.3 
1 
%MAX 


Output 
Impedance 
100 mADe and 10 mArms, 100 Hz-10 
kHz 
40 
mOIV 


Quiescent 
Current 
'0 = 
10 mA 
0.4 
1 
mAMAX 


10 = 
100mA 
15 
mA 


During Shutdown 
RL = 5000 
0.8 
1 
mAMAX 


Output 
Noise Voltage 
10 Hz-100 
kHz 
100 
!,-Vrms/V 


Long Term Stability 
0.4 
%/1000hr 


Ripple Rejection 
fo = 
120 Hz 
0.02 
%IV 


Dropout 
Voltage 
10':; 10mA 
0.05 
0.2 
VMAX 


10 = 
100mA 
0.3 
0.6 
VMAX 


Maximum 
Operational 
Input 


Voltage 
33 
26 
VMIN 


Maximum 
Line Transient 
10 = 
10 mA, Reference 
Voltage,:; 
1.5V 
70 
60 
VMIN 
T = 
1 ms, T 
,:; 100 ms 


Reverse 
Polarity Input 
Vo ;;, -0.3V, 
RL = 5000 


Voltage, 
DC 
-30 
-15 
VMIN 


Reverse 
Polarity Input 
T = 
1 ms, T 
,:; 100 ms, RL = 5000 


Voltage, 
Transient 
-80 
-50 
VMIN 


On/Off 
Threshold 
Voltage 
Vo=3V 


On 
2.0 
1.2 
VMAX 


Off 
2.2 
3.25 
VMIN 


On/Off 
Threshold 
Current 
20 
50 
!'-AMAX 


Typical Performance 
Characteristics 
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Input VoItoge (V) 
Time ("s) 
Time (~.) 


Peak Output Current 
Quiescent Current 
Quiescent Current 
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Typical Performance 
Characteristics 


Operation 
During Load 
Output 
Impedance 
Dump 
Reference 
Voltage 


'0 
70 
1.30 
Lhl2931-S. 
60 
lW2931CT 
ADJUSTABLE 


10- 
IOmA 
1.28 


> 
50 


~ 
~;;; 40 
> 
1.26 
I 
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1 
~~ 30 


1:= 150ml 
U 
1.24 
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Application 
Hints 


One of the distinguishing 
factors 
of the LM2931 
series regu- 
lators 
is the 
requirement 
of an output 
capacitor 
for device 
stability. 
The value 
required 
varies 
greatly 
depending 
upon 
the 
application 
circuit 
and 
other 
factors. 
Thus 
some 
com- 
ments on the characteristics 
of both capacitors 
and the reg- 
ulator are in order. 


High frequency 
characteristics 
of electrolytic 
capacitors 
de- 
pend 
greatly 
on the type and even the manufacturer. 
As a 
result, 
a value 
of 
capacitance 
that 
works 
well 
with 
the 
LM2931 
for one brand 
or type may not necessary 
be suffi- 
cient with an electrolytic 
of different 
origin. Sometimes 
actu- 
al bench 
testing, 
as described 
later, will be the only means 
to determine 
the 
proper 
capacitor 
type 
and value. 
Experi- 
ence 
has shown 
that, as a rule of thumb, 
the more expen- 
sive and higher quality electrolytics 
generally 
allow a smaller 
value 
for regulator 
stability. 
As an example, 
while 
a high- 
quality 
100 fLF aluminum 
electrolytic 
covers 
all general 
ap- 
plication 
circuits, 
similar stability 
can be obtained 
with a tan- 
talum electrolytic 
of only 47 fLF. This factor 
of two can gen- 
erally 
be applied 
to any special 
application 
circuit 
also. 


Another 
critical 
characteristic 
of electrolytics 
is their 
per- 
formance 
over temperature. 
While the LM2931 
is designed 
to operate 
to 
-40'C, 
the same 
is not always 
true with 
all 
electrolytics 
(hot is generally 
not a problem). 
The electrolyte 
in many aluminum 
types will freeze 
around 
-30'C, 
reducing 
their effective 
value to zero. Since the capacitance 
is need- 
ed for regulator 
stability, 
the natural 
result is oscillation 
(and 
lots of it) at the regulator 
output. 
For all application 
circuits 
where 
cold 
operation 
is necessary, 
the 
output 
capacitor 
must 
be rated 
to operate 
at the minimum 
temperature. 
By 
coincidence, 
worst-case 
stability 
for the 
LM2931 
also 
oc- 
curs at minimum 
temperatures. 
As a result, 
in applications 
where 
the regulator 
junction 
temperature 
will never be less 
than 
25'C. 
the 
output 
capacitor 
can 
be reduced 
approxi- 
mately 
by a factor 
of two 
over 
the 
value 
needed 
for the 
entire temperature 
range. To continue 
our example 
with the 
tantalum 
electrolytic, 
a value 
of only 22 fLF would 
probably 
thus suffice. 
For high-quality 
aluminum, 
47 fLF would 
be ad- 
equate 
in such an application. 


Another 
regulator 
characteristic 
that 
is noteworthy 
is that 
stability 
decreases 
with higher output currents. 
This sensible 
fact 
has important 
connotations. 
In many applications, 
the 
LM2931 
is operated 
at only a few milliamps 
of output 
cur- 
rent or less. 
In such 
a circuit, 
the output 
capacitor 
can be 
further 
reduced 
in value. As a rough estimation, 
a circuit that 
is required 
to deliver 
a maximum 
of 10 mA of output 
current 
from 
the 
regulator 
would 
need 
an output 
capacitor 
of only 
half the value 
compared 
to the same 
regulator 
required 
to 
deliver 
the full output 
current 
of 100 mA. If the example 
of 
the tantalum 
capacitor 
in the circuit 
rated 
at 25'C 
junction 
temperature 
and above 
were 
continued 
to include 
a maxi- 
mum 
of 
10 mA of output 
current, 
then 
the 
22 fLF output 
capacitor 
could 
be reduced 
to only 
10 fLF. 


In the case of the LM2931CT 
adjustable 
regulator, 
the mini- 
mum value of output 
capacitance 
is a function 
of the output 
voltage. 
As a general 
rule, the value 
decreases 
with higher 
output 
voltages, 
since 
internal 
loop gain is reduced. 


At this point, the procedure 
for bench 
testing 
the minimum 
value 
of an output 
capacitor 
in a special 
application 
circuit 
should 
be clear. Since worst-case 
occurs 
at minimum 
oper- 
ating 
temperatures 
and 
maximum 
operating 
currents, 
the 
entire 
circuit, 
including 
the electrolytic, 
should 
be cooled 
to 
the minimum 
temperature. 
The input voltage 
to the regulator 
should 
be maintained 
at 0.6V above 
the output 
to keep in- 
ternal 
power 
dissipation 
and 
die 
heating 
to 
a minimum. 
Worst-case 
occurs 
just after input power 
is applied 
and be- 
fore the die has had a chance 
to heat 
up. Once 
the 
mini- 
mum 
value 
of capacitance 
has been 
found 
for the 
brand 
and type of electrolytic 
in question, 
the value should 
be dou- 
bled for actual 
use to account 
for production 
variations 
both 
in the 
capacitor 
and 
the 
regulator. 
(All the 
values 
in this 
section 
and 
the 
remainder 
of the 
data 
sheet 
were 
deter- 
mined in this fashion.) 


Definition of Terms 


Dropout 
Voltage: 
The 
input-output 
voltage 
differential 
at 
which 
the circuit 
ceases 
to regulate 
against 
further 
reduc- 
tion in input voltage. 
Measured 
when the output 
voltage 
has 
dropped 
100 mV from 
the 
nominal 
value 
obtained 
at 14V 
input, dropout 
voltage 
is dependent 
upon 
load current 
and 
junction 
temperature. 


Input 
Voltage: 
The 
DC voltage 
applied 
to the input 
termi- 
nals with respect 
to ground. 


Input-Output 
Differential: 
The voltage 
difference 
between 
the unregulated 
input voltage 
and the regulated 
output 
volt- 
age for which 
the regulator 
will operate. 


Line 
Regulation: 
The 
change 
in 
output 
voltage 
for 
a 
change 
in the input voltage. 
The measurement 
is made 
un- 
der 
conditions 
of 
low 
dissipation 
or by using 
pulse 
tech- 
niques such that the average 
chip temperature 
is not signifi- 
cantly 
affected. 


Load 
RegUlation: 
The 
change 
in 
output 
voltage 
for 
a 
change 
in load current 
at constant 
chip temperature. 


Long 
Term 
Stability: 
Output 
voltage 
stability 
under 
accel- 
erated 
life-test 
conditions 
after 
1000 
hours 
with 
maximum 
rated voltage 
and junction 
temperature. 


Output 
Noise 
Voltage: 
The rms AC voltage 
at the output, 
with 
constant 
load 
and 
no input 
ripple, 
measured 
over 
a 
specified 
frequency 
range. 


Quiescent 
Current: 
That 
part of the positive 
input current 
that 
does 
not contribute 
to the 
positive 
load 
current. 
The 
regulator 
ground 
lead current. 


Ripple 
Rejection: 
The ratio of the peak-to-peak 
input ripple 
voltage 
to the peak-to-peak 
output 
ripple voltage 
at a speci- 
fied frequency. 


Temperature 
Stability 
of 
Vo: 
The 
percentage 
change 
in 
output 
voltage 
for a thermal 
variation 
from 
room 
tempera- 
ture to either temperature 
extreme. 


tflNational 
Semiconductor 


General Description 
The LM2935 dual 5V regulator provides a 750 mA output as 
well as a 10 mA standby output. It features a low quiescent 
current of 3 mA or less when supplying 10 mA loads from 
the 5V standby regulator output. This unique characteristic 
and the extremely low input-output differential required for 
proper regulation (0.55V for output currents of 10 mAl make 
the LM2935 the ideal regulator for power systems that in- 
clude standby memory. Applications include microprocessor 
power supplies demanding as much as 750 mA of output 
current. 


Designed for automotive applications, the LM2935 and all 
regulated circuitry are protected from reverse battery instal- 
lations or 2 battery jumps. During line transients, such as a 
load dump (60V) when the input voltage to the regulator can 
momentarily exceed the specified maximum operating volt- 
age, the 0.75A regulator will automatically shut down to pro- 
tect both internal circuits and the load while the standby 
regulator will continue to power any standby load. The 
LM2935 cannot be harmed by temporary mirror-image in- 
sertion. Familiar regulator features such as short circuit and 
thermal overload protection are also provided. 


4 
SWITCH/ 
RESET 
(FOR Vour 
ONLY) 


Features 
• 
Two 5V regulated outputs 
• 
Output current in excess of 750 mA 
• 
Low quiescent current standby regulator 
• 
Input-output differential less than 0.6V at 0.5A 
• 
Reverse battery protection 
• 
60V load dump protection 
• 
- 50V reverse transient protection 
• 
Short circuit protection 
• 
Internal thermal overload protection 
• 
Available in 5-lead TO-220 
• 
ON/OFF switch controls high current output 
• 
Reset error flag 
• 
P+ Product Enhancement tested 


-ReqUired if regulator is located far from power 
supply filter. 


··COUT 
must be at least 10 ILF to maintain 
stability. 


May be increased 
without 
bound to maintain 
reg- 
ulation during transients. 
Locate 
as close as pos- 


sible to the regulator. 
This capacitor must be rat- 


ed over the same operating temperature range 
as the regulator. 
The equivalent 
series resistance 
(ESR) 
of this capacitor 
is critical; see curve. 


STANDBY 
5V 
OUTPUT 10 mA 
C3*· 
10 "F 
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FIGURE 
1. Test and Application 
Circuit 
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Front View 


Order 
Number 
LM2935T 
See NS Package 
Number 
T05A 
• 


Absolute Maximum Ratings 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Internal 
Power Dissipation 
(Note 1) 
Internally 
Limited 


please 
contact 
the 
National 
Semiconductor 
Sales 
Operating 
Temperature 
Range 
-40·Cto 
+ 125·C 
Office/Distributors 
for 
availability 
and 
specifications. 
Maximum 
Junction 
Temperature 
150·C 
Input Voltage 
Storage 
Temperature 
Range 
- 65·C to + 150·C 
Operating 
Range 
26V 
Lead Temp. 
(Soldering, 
10 seconds) 
230·C 
Overvoltage 
Protection 
60V 


Electrical Characteristics 
for VOUT 


VIN = 
14V, 10 = 
500 mA. TJ = 
25·C (Note 4). C2 = 
10 /LF (unless 
otherwise 
specified) 


Tested 
Units 


Parameter 
Conditions 
Typ 
Limit 
Limit 
. 
(Note 
3) 


Output Voltage 
6V,;:VIN,;:26V, 
5 mA,;: 10';: 500 mA. 
5.00 
5.25 
VMAX 


-40·C,;:TJ,;:125·C 
(Note 2) 
4.75 
VMIN 


Line Regulation 
9V,;:VIN';:16V, 
10=5 
mA 
4 
25 
mVMAX 


6V,;:VIN,;:26V.lo=5 
mA 
10 
50 
mVMAX 


Load Regulation 
5 mA,;: 10';: 500 mA 
10 
50 
mVMAX 


Output 
Impedance 
500 mADe and 10 mA,ms. 100 Hz-10kHz 
200 
mO 


Quiescent 
Current 
10';: 10 mA, No Load on Standby 
3 
mA 


10= 500 mA, No Load on Standby 
40 
100 
mAMAX 


10= 750 mA, No Load on Standby 
90 
mA 


Output 
Noise Voltage 
10 Hz-l00 
kHz 
100 
/LV,ms 


Long Term Stability 
20 
mV/1QOO hr 


Ripple Rejection 
fo= 
120 Hz 
66 
dB 


Dropout 
Voltage 
10=500mA 
0.45 
0.6 
VMAX 


10=750mA 
0.82 


Current 
Limit 
1.2 
0.75 
AMIN 


Maximum 
Operational 


Input Voltage 
.--/ 
31 
26 
VMIN 


Maximum 
Line Transient 
Vo,;:5.5V 


. 
I 
70 
60 
V 
, 


Reverse 
Polarity 
Input 
-30 
-15 
V 
Voltage. 
DC 


Reverse 
Polarity Input 
1% Duty Cycle.T';: 
100 ms. 
-80 
-50 
V 
Voltage, 
Transient 
100 
Load 


Reset Output Voltage 


Low 
Rl =20k, 
VIN=4.OV 
0.9 
1.2 
VMAX 


High 
Rl =20k, 
VIN= 14V 
5.0 
6.0 
VMAX 


4.5 
VMIN 


Reset Output Current 
Reset=1.2V 


. 


mA 
5 


ON/OFF 
Resistor 
Rl (± 10% Tolerance) 
20 
kOMAX 


Note 1: Thermal resistance without a heat sink for junction to case temperature 
is SOC/W(TO-220). Thermal resistance for T0-220 
case to ambient temperature 
is 
50" C/W. 


Note 2: The temperature 
extremes are guaranteed 
but not 100% production 
tested. This parameter 
is not used to calculate 
outgoing AQL 


Note 3: Tested Umits Bre guaranteed 
and 100% tested in production. 


Note 4: To ensure constant junction temperature. 
low duty cycle pulse testing is used. 


Electrical Characteristics 
for Standby Output 


10=10 
mA, 
VIN=14V, 
Sl 
open, 
COUT=10 
/LF, TJ=25'C 
(Note 
4), (unless 
otherwise 
specified) 


Parameter 
Standby 
Output 
Typ 
Tested 
Units 


Conditions 
Limit 
Limit 


Output 
Voltage 
10~1O 
mA, 6V,,;VIN,,;26V, 


, 


5.25 
VMAX 


-40'C,,;TJ"; 
125'C 
5.00 
4.75 
VMIN 


Tracking 
VOUT-Standby 
Output 
Voltage 
50 
200 
mVMAX 


Line 
Regulation 
6V,,;VIN,,;26V 
4 
50 
mVMAX 


Load 
Regulation 
1 mA,,;10";1O 
mA 
10 
50 
mVMAX 


Output 
Impedance 
10 mADe 
and 
1 mArms, 
100 Hz-l0 
kHz 
1 
n 


Quiescent 
Current 
10,,;1OmA, 
2 
3 
mAMAX 


VOUT OFF 
(Note 
2) 


Output 
Noise 
Voltage 
10 Hz-l00 
kHz 
300 
/LV 


Long 
Term 
Stability 
., 
20 
mV/l000hr 


Ripple 
Rejection 
fO=120 
Hz 
66 
dB 


Dropout 
Voltage 
10~1OmA 
0.55 
0.7 
VMAX 


Current 
Limit 
I 
~~ 
70 
25 
mAMIN 


Maximum 
Operational 
Vo,,;6V 
!~ 
70 
60 
VMIN 


Input 
Voltage 


Reverse 
Polarity 
Input 
Vo:<? -0.3V, 
510n 
Load 
-30 
-15 
VMIN 


Voltage, 
DC 


Reverse 
Polarity 
Input 
1% Duty Cycle 
T,,; 100 ms 
-80 
-50 
VMIN 
Voltage, 
Transient 
500n 
Load 


Typical Circuit Waveforms 


60V 


INPUT 
t\ 
~Ln. 
VOLTAGE14Y 
31Y 
14V 


PIN1 
........ 
3V 
, 


(V) 


Sl~~~ 
OPEN 
LOSEO 
OPEN 


OUTPUT 
5V 
5Y 
5V 
5V 


YOLTAGE 
/ 
\/ 
\.2:!!.J 
- 
PIN2 
OV 
L.I 
~ 
(V) 
DV- 


RESET 
5V 
I 
, 


VOLTAGE 
J 
LJ 
I 
I 
I 
PIN4 
(V) 
DV- 
- 


STANDBY 
5V 
5V 
VOLTAGE 5V 
PIN5 
~ 
- 


(V) 


SYSTEM 
TURN 
LOAD 
LOWV,M 
LINENDlSE,ETC. 
Your 
THERMAL 
TURN 
CONOITIDN 
ON 
DUMP 
SHORT 
SHUTOOWN 
OFF 
CIRCUIT 


TUH/5232-2 


FIGURE 
2 
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Typical Performance 
Characteristics 
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Typical Performance 
Characteristics 
(Continued) 


Output 
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ESR 
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Output, 
Pin 5) 
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Definition of Terms 


Dropout 
Voltage: 
The 
input-output 
voltage 
differential 
at 
which 
the circuit 
ceases 
to regulate 
against 
further 
reduc- 
tion in input voltage. 
Measured 
when the output 
voltage 
has 
dropped 
100 
mV from 
the 
nominal 
value 
obtained 
at 14V 
input, dropout 
voltage 
is dependent 
upon 
load current 
and 
junction 
temperature. 


Input 
Voltage: 
The 
DC voltage 
applied 
to the input termi- 
nals with respect 
to ground. 


Input-Output 
Differential: 
The voltage 
difference 
between 
the unregulated 
input voltage 
and the regulated 
output 
volt- 
age for which 
the regulator 
will operate. 


Line 
Regulation: 
The 
change 
in 
output 
voltage 
for 
a 
change 
in the input voltage. 
The measurement 
is made un- 
der 
conditions 
of 
low 
dissipation 
or by using 
pulse 
tech- 
niques such that the average 
chip temperature 
is not signifi- 
cantly 
affected. 


Load 
Regulation: 
The 
change 
in output 
voltage 
for 
a 
change 
in load current 
at constant 
chip temperature. 


Long Term 
Stability: 
Output 
voltage 
stability 
under 
accel- 
erated 
life-test 
conditions 
after 
1000 
hours 
with 
maximum 
rated voltage 
and junction 
temperature. 


Output 
Noise 
Voltage: 
The rms AC voltage 
at the output, 
with 
constant 
load 
and 
no input 
ripple, 
measured 
over 
a 
specified 
frequency 
range. 


Quiescent 
Current: 
The part of the 
positive 
input 
current 
that 
does 
not contribute 
to the 
positive 
load 
current. 
The 
regulator 
ground 
lead current. 


Ripple 
Rejection: 
The ratio of the peak-to-peak 
input ripple 
voltage 
to the peak-to-peak 
output 
ripple voltage. 


Temperature 
Stability 
of Vo: The 
percentage 
change 
in 
output 
voltage 
for a thermal 
variation 
from 
room 
tempera- 
ture to either 
temperature 
extreme. 


Application 
Hints 


EXTERNAL 
CAPACITORS 


The 
LM2935 
output 
capacitors 
are 
required 
for 
stability. 


Without 
them, the regulator 
outputs 
will oscillate, 
sometimes 
by many volts. 
Though 
the 
1OIJoFshown 
are the 
minimum 
recommended 
values, 
actual 
size and 
type 
may vary 
de- 
pending 
upon 
the application 
load and temperature 
range. 
Capacitor 
effective 
series 
resistance 
(ESR) 
also 
factors 
in 
the 
IC stability. 
Since 
ESR varies 
from 
one 
brand 
to the 
next, some 
bench 
work 
may be reqUired 
to determine 
the 
minimum 
capacitor 
value to use in production. 
Worst-case 
is 
usually 
determined 
at the 
minimum 
ambient 
temperature 
and maximum 
load expected. 


Output 
capacitors 
can be increased 
in size to any desired 
value 
above 
the 
minimum. 
One 
possible 
purpose 
of this 
would 
be to maintain 
the output 
voltage 
during 
brief condi- 
tions of negative 
input transients 
that might be characteris- 
tic of a particular 
system. 


Capacitors 
must also 
be rated 
at all ambient 
temperatures 
expected 
in the system. 
Many 
aluminum 
type 
electrolytics 
will freeze 
at temperatures 
less than 
-30·C, 
reducing 
their 
effective 
capacitance 
to zero. To maintain 
regulator 
stability 
down to -40·C, 
capacitors 
rated at that temperature 
(such 
as tantalums) 
must be used. 


No capacitor 
must be attached 
to the ON/OFF 
and ERROR 
FLAG pin. Due to the internal 
circuits 
of the IC, oscillation 
on 
this pin could 
result. 


STANDBY 
OUTPUT 


The 
LM2935 
differs 
from 
most 
fixed 
voltage 
regulators 
in 
that it is equipped 
with two regulator 
outputs 
instead 
of one. 


The additional 
output 
is intended 
for use in systems 
requir- 
ing standby 
memory 
circuits. 
While 
the high current 
regula- 
tor output 
can be controlled 
with the ON/OFF 
pin described 
below, 
the standby 
output 
remains 
on under 
all conditions 
as long as sufficient 
input voltage 
is applied 
to the IC. Thus, 
memory 
and 
other 
circuits 
powered 
by this 
output 
remain 
unaffected 
by positive 
line 
transients, 
thermal 
shutdown, 


etc. 


The standby 
regulator 
circuit 
is designed 
so that the quies- 
cent current 
to the IC is very low «3 
mAl when 
the other 
regulator 
output 
is off. 


Application 
Hints (Continued) 


In applications where the standby output is not needed, it 
may be disabled by connecting a resistor from the standby 
output to the supply voltage. This eliminates the need for a 
more expensive capacitor on the output to prevent unwant- 
ed oscillations. The value of the resistor depends upon the 
minimum input voltage expected for a given system. Since 
the standby output is shunted with an internal 5.7V zener 
(Figure 
3), the current through the external resistor should 


be sufficient to bias R2 and R3 up to this point. Approxi- 
mately 60 ".A will suffice, resulting in a 1Okexternal resistor 
for most applications (Figure 
4). 
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DUTPUT 
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...b. C3 
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* 
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FIGURE 4. Disabling Standby Output to Eliminate C3 


HIGH CURRENT OUTPUT 
Unlike the standby regulated output, which must remain on 
whenever possible, the high current regulated output is fault 
protected against overvoltage and also incorporates ther- 
mal shutdown. If the input voltage rises above approximate- 
ly 30V (e.g., load dump), this output will automatically shut- 
down. This protects the internal circuitry and enables the IC 
to survive higher voltage transients than would otherwise be 
expected. Thermal shutdown is effective against die over- 
heating since the high current output is the dominant source 
of power dissipation in the IC. 


TlIH/5232-7 
FIGURE 5. Controlling 
ON/OFF Terminal with 


a Typical Open Collector Logic Gate 


ON/OFF AND ERROR FLAG PIN 
This 
pin 
has the 
ability to 
serve a dual 
purpose 
if 


desired. When controlled in the manner shown in Figure 
1 


(common in automotive systems where S1 is the ignition 
switch), the pin also serves as an output flag that is active 
low whenever a fault condition is detected with the high 
current regulated output. In other words, under normal 
operating conditions, the output voltage of this pin is high 
(5V). This is set by an internal clamp. If the high current 
output becomes unregulated for any reason (line transients, 
short circuit, thermal shutdown, low input voltage, etc.) the 
pin switches to the active low state, and is capable of sink- 
ing several milliamps. This output signal can be used to initi- 
ate any reset or start-up procedure that may be required of 
the system. 


The ON/OFF 
pin can also be driven directly from open col- 


lector logic circuits. The only requirement is that the 20k 
pull-up resistor remain in place (Figure 5). This will not affect 
the logic gate since the voltage on this pin is limited by the 
internal clamp in the LM2935 to 5V. 
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FIGURE 6. Reset Pulse on Power-Up 
(with approximately 
300 ms delay) 
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General Description 


The 
lM2936 
ultra-low 
quiescent 
current 
regulator 
features 


low dropout 
voltage 
and low current 
in the standby 
mode. 


With 
less than 
15 J.'A quiescent 
current 
at a 100 J.'A load, 
the lM2936 
is ideally 
suited 
for automotive 
and other 
bat- 


tery operated 
systems. 
The 
lM2936 
retains 
all of the fea- 
tures that are common 
to low dropout 
regulators 
including 
a 


low dropout 
PNP pass 
device, 
short 
circuit 
protection, 
reo 


verse 
battery 
protection, 
and 
thermal 
shutdown. 
The 


lM2936 
has 
a 
40V 
operating 
voltage 
limit, 
-40·C 
to 


+ 125·C 
operating 
temperature 
range, 
and 
± 3% 
output 


voltage 
tolerance 
over the entire 
output 
current, 
input volt- 


age, 
and 
temperature 
range. 
The 
lM2936 
is available 
in 


both a TO·92 
package 
and an 8-pin surface 
mount 
package 


with a fixed 
5V output. 


Features 


• 
Ultra low quiescent 
current 
(IQ S; 15 J.'A for 
10 s; 100 J.'A) 


• 
Fixed 5V, 50 mA output 


• 
Output 
tolerance 
±3% 
over line, load, and temperature 


• 
Dropout 
voltage 
typically 
200 mV 
@ 10 = 50 mA 


• 
Reverse 
battery 
protection 


• 
-50V 
reverse 
transient 
protection 


• 
Internal 
short circuit 
current 
limit 


• 
Internal 
thermal 
shutdown 
protection 


• 
40V operating 
voltage 
limit 


Ground 


10 


Bottom 
View 


Order 
Number 
LM2936Z-5.0 


See NS Package 
Number 
Z03A 


• Required 
if regulator 
is located 
more than 2" 
from power 
supply filter 


capacitor . 


•• 
Required 
for stability. Must be rated for 10 flF minimum 
over intended 


operating 
temperature 
range. 
Effective 
series 
resistance 
(ESR) 
is critical, 


see curve. 
Locate 
capacitor 
as close as possible to the regulator 
output: and 


ground pins. Capacitance 
may be increased 
without bound. 


S-PlnSO 
(M) 


IN 
GND 
GND 
Nea 


Top View 


Order Number 
LM2936M-5.0 
See NS Package 
Number 
MOSA 
,. 


Absolute Maximum Ratings 
(Note 1) 
If Military/Aerospace 
specified devices are required, 
please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors for availability and specifications. 


Input Voltage 
(Survival) 
+ 60V, - 50V 


ESD Susceptability 
(Note 2) 
• 
1900V 


Power Dissipation 
(Note 3) 
Internally 
limited 


Junction 
Temperature 
(TJmax) 
150'C 


Storage 
Temperature 
Range 


Lead Temperature 
(Soldering, 
10 sec.) 


- 65'C to + 150'C 


260'C 


Operating Ratings 


Operating 
Temperature 
Range 


Maximum 
Input Voltage 
(Operational) 


- 40'C to + 125'C 


40V 


Electrical Characteristics 
VIN = 14V, 10 = 10 mA, TJ = 25'C, 
unless otherwise 
specified. 
Boldface limits apply over entire operating 
temperature 
range 


Typical 
Tested 
Parameter 
Conditions 
Limit 
Units 
(Note 4) 
(Note 5) 


Output Voltage 
5.5V ,;; VIN ,;; 26V, 
4.85 
Vmin 


10 ,;; 50 mA (Note 6) 
5 
V 


.- 
5.15 
Vmax 


Line Regulation 
9V,;; 
VIN';; 
16V 
5 
10 
mVmax 


6V ,;; VIN ,;; 40V, 10 = 1 mA 
10 
30 


Load Regulation 
100 /LA ,;; 10 ,;; 5 mA 
10 
30 
mVmax 


5 mA ,;; 10 ,;; 50 mA 
10 
30 


Output 
Impedance 
10 = 30 mAde and 10 mArms, 
450 
mfi 
f = 1000 Hz 


Quiescent 
Current 
10 = 100 /LA, BV ,;; VIN ,;; 24V 
9 
15 
/LAmax 


10 = 10 mA, BV,;; 
VIN ,;; 24V 
0.20 
0.50 
mAmax 


10 = 50mA,BV,;; 
VIN';; 
24V 
1.5 
2.5 
mAmax 


Output 
Noise Voltage 
10 Hz-100 
kHz 
500 
/LVrms 


Long Term Stability 
20 
mV/1000 
Hr 


Ripple 
Rejection 
VriDDle = 1 Vrms, friDDle= 120 Hz 
60 
40 
dBmin 


Dropout 
Voltage 
10 = 100 /LA 
0.05 
0.10 
Vmax 


10 = 50mA 
. 
0.20 
0.40 
Vmax 


Reverse 
Polarity 
RL = 500n, 
Va;;' 
-0.3V 
-15 
Vmin 
DC Input Voltage 


Reverse 
Polarity 
RL = 500n, 
T = 1 ms 
-BO 
-50 
Vmin 
Transient 
Input Voltage 


Output 
Leakage 
with 
VIN = -15V, 
RL = 500n 
-0.1 
-600 
/LAmax 
Reverse 
Polarity 
Input 


Maximum 
Line Transient 
RL = 500n, 
Va ,;; 5.5V, T = 40 ms 
60 
Vmin 


Short Circuit 
Va = OV 
120 
250 
mAmax 


Current 
65 
mAmin 


Note 1: Absolute 
Maximum 
Ratings indicate limits beyond which damage 
to the device may occur. DC and AC electrical 
specifications 
do not apply when operating 
the device 
beyond 
its specified 
operating 
ratings. 


Note 2: Human body model, 100 pF discharge through a 1.5 kfi resistor. 


Note 
3: The maximum power dissipation is a function of TJmax, 0JA. and TA. The maximum allowable power dissipation at any ambient temperature is 


PD = {TJmax - 
TpJ/E>JA. 
If this dissipation is exceeded, the die temperature will rise above 1500C and the LM2936 will go into thermal shutdown. For the 
LM2936Z, the junction·to-ambient thermal resistance (8JA) is 195°C/W. 
For the LM2936M, Oja is 1600C/W. 


Note 4: Typicals are at 25°C (unless otherwise specified) and represent the most likely parametric norm. 


Note 5: Tested limits are guaranteed to National's AOQL (Average Outgoing Quality Level) and 100% tested. 


Note 6: To ensure constant junction temperature, pulse testing is used. 


Typical Performance 
Characteristics 
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Typical Performance 
Characteristics 
(Continued) 
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Applications 
Information 


Unlike 
other 
PNP low dropout 
regulators, 
the 
LM2936 
re- 
Under 
conditions 
of higher 
ambient 
temperatures, 
the volt- 
mains 
fully operational 
to 40V. Owing 
to power 
dissipation 
age 
and 
current 
calculated 
in the 
previous 
examples 
will 


characteristics 
of 
the 
TO-92 
package, 
full 
output 
current 
drop. 
For instance, 
at the maximum 
ambient 
of 125'C 
the 


cannot 
be guaranteed 
for all combinations 
of ambient 
tem- 
LM2936 
can only dissipate 
128 mW, limiting 
the input volt- 


perature 
and 
input 
voltage. 
As 
an 
example, 
consider 
an 
age to 7.34V for a 50 mA load, or 3.5 mA output 
current 
for 


LM2936 
operating 
at 25'C 
ambient. 
Using 
the formula 
for 
a 40V input. 


maximum 
allowable 
power 
dissipation 
given 
in Note 
3, we 
While 
the 
LM2936 
maintains 
regulation 
to 60V, 
it will 
not 


find 
that 
PDmax = 641 
mW 
at 25'C. 
Including 
the 
small 
withstand 
a short circuit above 40V because 
of safe operat- 


contribution 
of the quiescent 
current 
to total 
power 
dissipa- 
ing area limitations 
in the internal 
PNP pass device. 
Above 
tion the maximum 
input voltage 
(while still delivering 
50 mA 
60V the 
LM2936 
will break 
down 
with catastrophic 
effects 


output 
current) 
is 17.3V. 
The 
device 
will 
go into 
thermal 
on the regulator 
and possibly 
the load as well. 
Do not use 


shutdown 
if it attempts 
to deliver 
full output 
current 
with an 
this 
device 
in a design 
where 
the 
input 
operating 
voltage 


input voltage 
of more than 17.3V. Similarly, 
at 40V input and 
may exceed 
40V, or where 
transients 
are likely 
to exceed 
25'C 
ambient 
the LM2936 
can deliver 
18 mA maximum. 
60V. 


I 


r-. 
C") 
~ t!1National 
Semiconductor 


General Description 


The LM2937 
is a positive 
voltage 
regulator 
capable 
of sup- 


plying 
up to 
500 
mA of load 
current. 
The 
use 
of a PNP 


power transistor 
provides 
a low dropout 
voltage 
characteris- 
tic. With 
a load 
current 
of 500 
mA the 
minimum 
input 
to 


output 
voltage 
differential 
required 
for the output 
to remain 


in regulation 
is typically 
0.5V (1V guaranteed 
maximum 
over 


the full operating 
temperature 
range). 
Special 
circuitry 
has 


been incorporated 
to minimize 
the quiescent 
current 
to typi- 


cally only 
10 mA with a full 500 mA load current 
when 
the 


input to output 
voltage 
differential 
is greater 
than 3V. 


The LM2937 
requires 
an output 
bypass 
capacitor 
for stabili- 


ty. As with 
most 
low dropout 
regulators, 
the 
ESR 
of this 


capacitor 
remains 
a 
critical 
design 
parameter, 
but 
the 


LM2937 
includes 
special 
compensation 
circuitry 
that 
relax- 


es 
ESR 
requirements. 
The 
LM2937 
is stable 
for all ESR 


below 
3fi. 
This allows 
the use of low ESR chip capacitors. 


Ideally 
suited 
for automotive 
applications, 
the 
LM2937 
will 


protect 
itself and any load circuitry 
from reverse 
battery 
con- 


nections, 
two-battery 
jumps 
and 
up to + 60V / - 50V 
load 


dump 
transients. 
Familiar 
regulator 
features 
such 
as short 


circuit 
and thermal 
shutdown 
protection 
are also built in. 


Features 


• 
Fully specified 
for operation 
over 
-40·C 
to + 125·C 


• 
Output 
current 
in excess 
of 500 mA 


• 
Output 
trimmed 
for 
5% 
tolerance 
under 
all 
operating 


conditions 


• 
Typical 
dropout 
voltage 
of 0.5V at full rated 
load 
current 


• 
Wide output 
capacitor 
ESR range, 
up to 3fi 


• 
Internal 
short 
circuit 
and thermal 
overload 
protection 


• 
Reverse 
battery 
protection 


• 
60V input transient 
protection 


• 
Mirror 
image 
insertion 
protection 


TO-263 
Surface-Mount 
Package 


TAB 
IS0: 
OUTPUT 
GNDL 
GND 


INPUT 


~===:~~~PUT 
L.L.F===:'NPUT 


Front 
View 


Order 
Number 
LM2937ET-5.0, 
LM2937ET-S.O, 


LM2937ET-10, 
LM2937ET-12 
or LM2937ET-15 
See NS Package 
Number 
T03B 


Side View 


Order 
Number 
LM2937ES-5.0, 
LM2937E5-S.0, 


LM2937ES-10, 
LM2937ES-12 
or LM2937E5-15 


See NS Package 
Number 
TS3B 


Output 
Voltage 


I 
NSC 


Temperature 
I 
Package 
Package 
Range 
5.0 
S.O 
10 
12 
15 
Drawing 


-40·C';; 
TA';; 
125·C 
LM2937ES-5.0 
LM2937ES-8.0 
LM2937ES-10 
LM2937ES-12 
LM2937ES-15 
TS38 
TO-263 


LM2537ET-5.0 
LM2537ET-8.0 
LM2537ET-10 
LM2537ET-12 
LM2537ET -15 
T038 
TO-220 


Absolute Maximum Ratings 
(Note 1) 
Operating Conditions 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Temperature 
Range (TJ) (Note 2) 
-40·C 
to + 125·C 


please 
contact 
the 
National 
Semiconductor 
Sales 
Maximum 
Input Voltage 
26V 
Office/Distributors 
for 
availability 
and 
specifications. 


Input Voltage 
Continuous 
26V 


Transient 
(t s 100 ms) 
60V 


Internal 
Power Dissipation 
(Note 2) 
Internally 
Limited 


Maximum 
Junction 
Temperature 
150·C 


Storage 
Temperature 
Range 
- 65·C to' + 150·C 


Lead Temperature 
(Soldering, 
10 seconds) 
230·C 


ESD Susceptibility 
(Note 3) 
2kV 


Electrical Characteristics 
VIN = VNOM + 5V (Note 4), lOUT = 500 mA, COUT = 10 ILF unless otherwise 
indicated. 
Boldface 
limits 
apply 
over 
the 
entire 
operating 
temperature 
range, 
-40·C s TJ S + 125·C,all other 
specifications 
are for TA = TJ = 25·C, 


Output 
Voltage 
(VOUT) 
5V 
8V 
10V 
Units 
Parameter 
Conditions 
Typ 
Limit 
Typ 
limit 
Typ 
Limit 


Output Voltage 
5 mA S lOUT S 0.5A 
4.85 
7.76 
9.70 
V(Min) 


5.00 
4.75 
8.00 
7.60 
10.00 
9.50 
V(Min) 


5.15 
8.24 
10.30 
V(Max) 


5.25 
8.40 
10.50 
V(Max) 


Line Regulation 
(VOUT + N) s VIN s 26V, 
15 
50 
24 
80 
30 
100 
mV(Max) 


lOUT = SmA 


Load Regulation 
5 mA s lOUT s 0,5A 
5 
50 
8 
80 
10 
100 
mV(Max) 


Quiescent 
Current 
(VOUT + 2V) s VIN s 26V. 
2 
10 
2 
10 
2 
10 
mA(Max) 
'OUT = SmA 


VIN = (VOUT + 5Vl, 
10 
20 
10 
20 
10 
20 
mA(Max) 


lOUT = 0.5A 


Output 
Noise 
10 Hz-100 
kHz 
150 
240 
300 
ILVrms 
Voltage 
'OUT = SmA 


Long Term Stability 
1000 Hrs. 
20 
32 
40 
mV 


Dropout 
Voltage 
'OUT = 500 mA 
0.5 
1.0 
0.5 
1.0 
0.5 
1.0 
V(Max) 


lOUT = 50 mA 
110 
250 
110 
250 
110 
250 
mV(Max) 


Short-Circuit 
Current 
1,0 
0.6 
1.0 
0.6 
1.0 
0.6 
A(Min) 


Peak Line Transient 
tf < 100 ms. RL = lOOn 
75 
60 
75 
60 
V(Min) 
Voltage 
75 
60 


Maximum 
Operational 
26 
26 
26 
V(Min) 
Input Voltage 


Reverse 
DC 
VOUT;;' 
-0.6V. 
RL = lOOn 


Input Voltage 
-30 
-15 
-30 
-15 
-30 
-15 
V(Min) 


Reverse 
Transient 
t, < 1 ms. RL = lOOn 


Input Voltage 
-75 
-50 
-75 
-50 
-75 
-50 
V(Min) 


UUlPUI 
von ••ge \ VOUT) 
12V 
15V 
Units 
Parameter 
Conditions 
Typ 
Limit 
Typ 
Limit 


Output Voltage 
5 mA S; lOUT S; 0.5A 
11.64 
14.55 
V (Min) 


12.00 
11.40 
15.00 
14.25 
V(Min) 


12.36 
15.45 
V(Max) 


12.60 
15.75 
V(Max) 


Line Regulation 
(VOUT + 2V) S; VIN S; 26V, 
36 
120 
45 
150 
mV(Max) 


lOUT = 5mA 


Load Regulation 
5 mA S; lOUT S; 0.5A 
12 
120 
15 
150 
mV(Max) 


Quiescent 
Current 
(VOUT + 2V) S; VIN S; 26V, 
2 
10 
2 
10 
mA(Max) 


lOUT = 5mA 


VIN = (VOUT + 5V), 
10 
20 
10 
20 
mA(Max) 


lOUT = 0.5A 


Output 
Noise 
10 Hz-l00 
kHz, 
360 
450 
",Vrms 
Voltage 
lOUT = 5mA 


Long Term Stability 
1000 Hrs. 
44 
56 
mV 


Dropout 
Voltage 
lOUT = 500 mA 
0.5 
1.0 
0.5 
1.0 
V(Max) 


lOUT = 50mA 
110 
250 
110 
250 
mV(Max) 


Short-Circuit 
Current 
1.0 
0.6 
1.0 
0.6 
A(Min) 


Peak Line Transient 
tf < 100 ms, Rl = lOOn 
75 
60 
75 
60 
V(Min) 
Voltage 


Maximum 
Operational 
26 
26 
V(Min) 
Input Voltage 


Reverse 
DC 
VOUT ~ -0.6V, 
Rl = lOOn 
-30 
-15 
-30 
-15 
V(Min) 
Input Voltage 


Reverse 
Transient 
tr < 1 ms, Rl = lOOn 
-75 
-50 
-75 
-50 
V(Min) 
Input Voltage 


Note 1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Electrical specifications 
do not apply when operating the device 
outsma of its rated Operating 
Conditions. 


Note 2: The maximum allowable 
power dissipation at any ambient temperature 
is PMAX = (125 - TIJI6JA. 
where 125 is the maximum junction temperature 
for 
operation, 
TA is the ambient temperature, 
and (JJA is the junction-ta-ambient 
thermal resistance. 
If this dissipation is exceeded, 
the die temperature 
will rise above 
125°C and the electrical 
specrtications 
do not apply. If the die temperature 
rises above 150"C, the LM2937 will go into thermal shutdown. 
For the LM2937, the 
junction-to-ambient 
thermal resistance 
8JA is 65°C/W, 
for the TO-220, and 73"C/W 
for the TO-263. When used with a heatsink, 
8JA is the sum of the lM2937 
junction-to-case 
thermal resistance 
8JC of 3°C/W 
and the heatsink case-to-ambient 
thermal resistance. 
If the TO-263 package is used, the thermal resistance 
can 
be reduced by increasing the P.C. board copper area thermally connected 
to the package. Using 0.5 Square inches of copper area, 8JA is srrc/w; with 1 SQuare 
inch of copper area, 8JA is 3rC/W; 
and with 1.6 or more sqaure inches of copper area, 8JA is 3'Z'C/W. 


Note 3: ESO rating is based on the human body modal, 100 pF discharged 
through 
1.5 kfi. 


Note 4: Typicals are at TJ = 25°C and represent the most likely parametric 
norm. 
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Typical Application 
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-Required 
rt the regulator is located more than 3 inches from the power supply filter capacitors. 


··Required 
for stability. Gout must be at least 10 #LF(over the full expected 
operating 
temperature 
range) and located as close as possible to the regulator. The 
equivalent 
series resistance. 
ESR, of this capacitor 
may be as high as 30. 


t!JNational 
Semiconductor 


General Description 
The LM2940/LM2940C positive voltage regulator features 
the ability to source 1A of output current with a dropout 
voltage of typically 0.5V and a maximum of 1V over the 
entire temperature range. Furthermore, a quiescent current 
reduction circuit has been included which reduces the 
ground current when the differential between the input volt- 
age and the output voltage exceeds approximately 3V. The 
quiescent current with 1A of output current and an input-out- 
put differential of 5V is therefore only 30 mA. Higher quies- 
cent currents only exist when the regulator is in the dropout 
mode (VIN - 
VOUT S; 3V). 
Designed also for vehicular applications, the LM29401 
LM2940C and all regulated circuitry are protected from re- 
verse battery installations or 2-battery jumps. During line 
transients, such as load dump when the input voltage can 
momentarily exceed the specified maximum operating volt- 


age, the regulator will automatically shut down to protect 
both the internal circuits and the load. The LM29401 
LM2940C cannot be harmed by temporary mirror-image in- 
sertion. Familiar regulator features such as short circuit and 
thermal overload protection are also prOVided. 


Features 
• 
Dropout voltage typically 0.5V @Io = 1A 
• 
Output current in excess of 1A 
• 
Output voltage trimmed before assembly 
• 
Reverse battery protection 
• 
Internal short circuit current limit 
• 
Mirror image insertion protection 
• 
P+ Product Enhancement tested 


v,NrTI 


Votrr 
UNREGULATED 
lM2940 
REGULATED 
INPUT 
OUTPUT 


C1· 
1 
+ 
Ctwt" 


.471'fI ':' 
IQ J 
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·Required 
if regulator 
is located 
far from power supply filter. 


··CoUT 
must be at least 22 J.LFto maintain stability. May be increased 
without bound to maintain 
regulation 
during transients. 
Locate as close as possible to 
the regulator. 
This capacitor 
must be rated over the same operating 
temperature 
range as the regulator 
and the ESR is critical; see curve. 


Output 
Voltage 


Package 


9.0 
10 
12 
15 


LM2940CT-9.0 
LM2940CT-12 
lM2940CT-15 
TO-220 


LM2940CS-9.0 
LM2940CS-12 
LM2940CS-1S 
TO-263 


LM2940T-9.0 
LM2940T-l0 
LM2940T-12 
TO-220 


LM2940S-9.0 
LM2940S-10 
LM2940S-12 
TO-263 


LM2940K·12/883 
LM2940K-1S/883 
TO-3 
II 


Ordering Information 


Temperature 


Range 
5.0 


LM2940CT-S.0 


LM2940CS-S.0 


-40'C,;; 
TA';; 
12S'C 
LM2940T-S.0 


LM2940S-S.0 


LM2940T-8.0 


LM2940S-8.0 


Absolute Maximum Ratings (Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Lead Temperature 
(Soldering, 
10 seconds) 


please 
contact 
the 
National 
Semiconductor 
Sales 
TO-3 (K) Package 
300'C 
Office/Distributors 
for 
availability 
and 
specifications. 
TO-220 
(T) Package 
260'C 
(Note 
2) 
TO-263 
(S) Package 
260'C 


LM2940S, 
T ,;;; 100 ms 
60V 
ESD Susceptibility 
(Note 4) 
2kV 
LM2940T, 
T ,;;;100 ms 
60V 
LM2940K/883, 
T ,;;;20 ms 
40V 
Operating Conditions 
(Note 1) 
LM2940CT, 
T ,;;;1 ms 
45V 
Input Voltage 
26V 
LM2940CS, 
T ,;;; 1 ms 
45V 


Internal 
Power Dissipation 
(Note 3) 
Internally 
Limited 
Temperature 
Range 
LM2940K/883 
-55'C 
,;;;TA ,;;; 125'C 
Maximum 
Junction 
Temperature 
150'C 
LM2940T, 
LM2940S 
-40'C 
,;;;TA ,;;; 125'C 


Storage 
Temperature 
Range 
-65'C';;; 
TJ';;; 
+ 150'C 
LM2940CT, 
LM2940CS 
O'C ,;;;TA ,;;; 125'C 


Electrical Characteristics 
VIN = Vo 
+ 
5V, 10 = 1A, Co 
= 22 ",F, unless 
otherwise 
specified. 
Boldface 
limits 
apply 
over 
the entire 
operating 
temperature 
range 
of the indicated 
device. 
All other 
specifications 
apply 
for TA = TJ = 25'C 


Output 
Voltage 
(Vo) 
5V 
8V 


LM2940 
LM2940/883 
LM2940 
LM2940/883 


Parameter 
Conditions 
Typ 
Limit 
Limit 
Typ 
limit 
Limit 
Units 


(Note 
5) 
(Note 
6) 
(Note 
5) 
(Note 
6) 


6.25V 
,;;;VIN ,;;;26V 
9.4V ,;;;VIN ,;;;26V 


Output 
Voltage 
5 mA,;;; 10';;; 1A 
5.00 
4.85/4.75 
4.85/4.75 
8.00 
7.76/7.60 
7.76/7.60 
VMIN 
5.15/5.25 
5.15/5.25 
8.24/8.40 
8.24/8.40 
VMAX 


Line Regulation 
Vo + 2V ,;;;VIN ,;;;26V, 
20 
50 
40/50 
20 
80 
50/80 
mVMAX 
10 = 5mA 


Load Regulation 
50 mA,;;; 10';;; 1A 


LM2940, 
LM2940/883 
35 
50/80 
50/100 
55 
80/130 
80/130 
mVMAX 
LM2940C 
35 
50 
55 
80 


Output 
100 mADCand 


Impedance 
20mArms, 
35 
1000/1000 
55 
1000/1000 
mO 


fo=120Hz 


Quiescent 
Vo +2V 
,;;;VIN ,;;;26V, 


Current 
10 = 5 mA 


LM2940, 
LM2940/883 
10 
15/20 
15/20 
10 
15/20 
15/20 
mAMAX 
LM2940C 
10 
15 


VIN = Vo + 5V, 
30 
45/60 
50/60 
30 
45/60 
50/60 
mAMAX 
10 = 1A 


Output 
Noise 
10 Hz - 
100 kHz, 
150 
700/700 
240 
1000/1000 
",Vrms 
Voltage 
10 = 5mA 


Ripple Rejection 
fo = 120 Hz, 1 Vrms, 
10 = 100mA 


LM2940 
72 
60/54 
66 
54/48 


LM2940C 
72 
60 
66 
54 
dBMIN 


fo = 1 kHz,1 
Vrms, 
60/50 
54/48 
dBMIN 
10 = 5mA 


Long Term 
20 
32 
mV/ 
Stability 
1000 Hr 


Dropout 
Voltage 
10 = 1A 
0.5 
0.8/1.0 
0.7/1.0 
0.5 
0.8/1.0 
0.7/1.0 
VMAX 


10 = 100mA 
110 
150/200 
150/200 
110 
150/200 
150/200 
mVMAX 


Electrical Characteristics 
VIN = Vo + 5V, 10 = 
1A, Co = 22 J.'F, unless 
otherwise 
specified. 
Boldface 


Umlts apply over the entire operating temperature range of the Indicated device. All other 
specifications 
apply 
for TA = TJ = 25"C (Continued) 


Output 
Voltage 
(Vo) 
5V 
8V 


LM2940 
LM2940/883 
LM2940 
LM2940/883 
Units 


Parameter 
Conditions 
Typ 
Limit 
Limit 
Typ 
Limit 
Limit 


(Note 
5) 
(Note 
6) 
(Note 
5) 
(Note 
6) 


Short Circuit 
(Note 7) 
1.9 
1.6 
1.5/1.3 
1.9 
1.6 
1.6/1.3 
AMIN 
Current 


Maximum 
Line 
Ro = 100n 


Transient 
LM2940, 
T ,,; 100 ms 
75 
60/60 
75 
60/60 


LM2940/883, 
T ,,; 20 ms 
40/40 
40/40 
VMIN 


LM2940C, 
T ,,; 1 ms 
55 
45 
55 
45 


Reverse 
Polarity 
Ro = 100n 


DC Input Voltage 
LM2940, 
LM2940/883 
-30 
-15/-15 
-15/-15 
-30 
-15/-15 
-15/-15 


VMIN 
LM2940C 
-30 
-15 
-30 
-15 


Reverse 
Polarity 
Ro = 100n 


Transient 
Input 
LM2940, 
T ,,; 100 ms 
-75 
-50/-50 
-75 
-50/-50 


VMIN 
Voltage 
LM2940/883, 
T ,,; 20 ms 
-45/-45 
-45/-45 


LM2940C, 
T ,,; 1 ms 
-55 
-45/-45 


fII 


Electrical 
Characteristics 
VIN = VA 
+ 
5V,Io 
= 
1A, Co = 22 J-LF,unless 
otherwise 
specified. 
Boldface 
limits 
apply over the entire 
operating 
temperature 
range 
of the indicated 
device. 
All other specifications 
apply 
for TA = TJ = 25°C (Continued) 


Output 
Voltage 
(Vo) 
9V 
10V 


LM2940 
LM2940 


Parameter 
Conditions 
Typ 
Limit 
Typ 
Limit 
Units 


(Note 
5) 
(Note 
5) 


10.5V 
,;; VIN ,;; 26V 
11.5V ,;; VIN ,;; 26V 


Output Voltage 
5mA';; 
10 ,;;1A 
9.00 
8.73/8.55 
10.00 
9.70/9.50 
VMIN 
9.27/9.45 
10.30/10.50 
VMAX 


Line Regulation 
Va + 2V ,;; VIN ,;; 26V, 


20 
90 
20 
100 
mVMAX 


10 = 5mA 


Load Regulation 
50 mA ,;; 10 ,;; 1A 


LM2940 
60 
90/150 
65 
100/165 
mVMAX 


LM2940C 
60 
90 


Output 
Impedance 
100 mADCand 


20mArms, 
60 
65 
mn 


fa = 120 Hz 
. , 


Quiescent 
Va +2V,;; 
VIN < 26V, 


Current 
10 = 5mA 


LM2940 
10 
15/20 
10 
15/20 
mAMAX 


LM2940C 
10 
15 


VIN = Va + 5V, 10 = 1A 
30 
45/60 
30 
45/60 
mAMAX 


Output 
Noise 
10 Hz - 
100 kHz, 
270 
300 
J-LVrms 
Voltage 
10 = 5mA 


Ripple 
Rejection 
fa = 120 Hz, 1 Vrms, 


10 = 100mA 


LM2940 
64 
52/46 
63 
51/45 
dBMIN 
LM2940C 
64 
52 


Long Term 
34 
36 
mV/ 


Stability 
1000 Hr 


Dropout 
Voltage 
10 = 1A 
0.5 
0.8/1.0 
0.5 
0.8/1.0 
VMAX 


10 = 100mA 
110 
150/200 
110 
150/200 
mVMAX 


Short Circuit 
(Note 7) 
1.9 
1.6 
1.9 
1.6 
AMIN 
Current 


Maximum 
Line 
Ro = 100n 


Transient 
T';;100ms 


LM2940 
75 
60/60 
75 
60/60 
VMIN 
LM2940C 
55 
45 


Reverse 
Polarity 
Ro = 100n 


DC Input Voltage 
LM2940 
-30 
-15/-15 
-30 
-15/-15 
VMIN 
LM2940C 
-30 
-15 


Reverse 
Polarity 
Ro = 100n 


Transient 
Input 
T';;100ms 


Voltage 
LM2940 
-75 
-50/-50 
-75 
-50/-50 
VMIN 


LM2940C 
-55 
-45/-45 


Electrical Characteristics 
V,N = va 
+ 
5V, 10 = 1A, Co = 22 /LF, unless otherwise 
specified. 
Boldface 
limits 
apply 
over 
the 
entire 
operating 
temperature 
range 
of the 
indicated 
device. 
All other specifications 
apply 
for TA = TJ = 25'C (Continued) 


Output 
Voltage 
(Vo) 
12V 
15V 


LM2940 
LM2940/833 
LM2940 
LM2940/833 


Parameter 
Conditions 
Typ 
limit 
Limit 
Typ 
Limit 
Limit 
Units 


(Note 5) 
(Note 6) 
(Note 5) 
(Note 6) 


13.6V :s;VIN :s;26V 
16.75V :s;VIN :s;26V 


Output Voltage 
5mA:s; 
10 :S;1A 
12.00 
11.64/11.40 
11.64/11.40 
15.00 
14.55/14.25 
14.55/14.25 
VMIN 


12.36/12.60 
12.36/12.60 
15.45/15.75 
15.45/15.75 
Vw,x 


Line Regulation 
Va + 2V :s;V,N :s;26V, 
20 
120 
75/120 
20 
150 
95/150 
mVMAX 
10 = 5mA 


Load Regulation 
50 mA :s; 10 :s;1A 


LM2940, LM2940/883 
55 
120/200 
120/190 
150/240 
mVMAX 
LM2940C 
55 
120 
70 
150 


Output Impedance 
100mADCand 


20mArms, 
80 
1000/1000 
100 
1000/1000 
mO 


fa = 120Hz 


Quiescent 
Va +2V 
:s;VIN :s;26V, 


Current 
10 = 5 mA 
LM2940, LM2940/883 
10 
15/20 
15/20 
15/20 


mAMAX 
LM2940C 
10 
15 
10 
15 


V,N = Va + 5V,Io = 1A 
30 
45/60 
50/60 
30 
45/60 
50/60 
mAMAX 


Output Noise 
10Hz 
- 
100 kHz, 


360 
1000/1000 
450 
1000/1000 
/LVrms 
Voltage 
10 = 5mA 


Ripple Rejection 
fa = 120 Hz, 1 Vrms, 


10 = 100mA 


LM2940 
66 
54/48 


dBMIN 
LM2940C 
66 
54 
64 
52 


fa = 1 kHz, 1 Vrms, 
52/46 
48/42 
dBMIN 
10 = 5mA 


Long Term 
48 
60 
mV/ 


Stability 
1000 Hr 


Dropout Voltage 
10 = 1A 
0.5 
0.8/1.0 
0.7/1.0 
0.5 
0.8/1.0 
0.7/1.0 
VMAX 


'a = 100mA 
110 
150/200 
150/200 
110 
150/200 
150/200 
mVMAX 


Short Circuit 
(Note 7) 
1.9 
1.6 
1.6/1.3 
Current 
1.9 
1.6 
1.6/1.3 
AMIN 


Maximum Line 
Ro = 1000 
Transient 
LM2940, T :s; 100 ms 
75 
60/60 
LM2940/883, 
T :s;20 ms 
40/40 
40/40 
VMIN 


LM2940C, T :s; 1 ms 
55 
45 
55 
45 


Reverse Polarity 
Ro = 1000 
DC Input Voltage 
LM2940, LM2940/883 
-30 
-15/-15 
-15/-15 
-15/ 
-15 


LM2940C 
-30 
-15 
-30 
-15 
VMIN 


Reverse Polarity 
Ro = 1000 
Transient Input 
LM2940, T :s; 100 ms 
-75 
-50/-50 


Voltage 
LM2940/883, 
T :s;20 ms 
-45/-45 
-45/-45 
VMIN 


LM2940C, T :s; 1 ms 
-55 
-45/-45 
-55 
-45/-45 


Note 
1: Absolute 
Maximum 
Ratings are limits beyond which damage 
to the device 
may occur. Operating 
Conditions 
are conditions 
under which the device 


functions 
but the specifications 
might not be guaranteed. 
For guaranteed 
specifications 
and test conditions 
see the Electrical Characteristics. 


Note 2: Military specifications 
complied with RETS/SMD 
at the time of printing. For current specrtications 
refer to RETS LM2940K-5.0, 
LM2940K-8.0, 
LM2940K-12, 
and LM2940K-15. 
SMD numbers are 5962-8958701YA(5V), 
5962-9083301YA(8V), 
5962-9088401YA(12V), 
and 5962-9088501YA(15V). 


Note 3: The maximum power dissipation 
is a function of the maximum junction temperature, 
TJ = lScrC, the junction-to-ambient 
thermal resistance, 
(}JA, and the 
ambient temperature, 
TA. The maximum allowable power dissipation at any ambient temperature 
is POMAX = (150 - 
TAJ/8JA. If this dissipation 
is exceeded, 
the 


die temperature 
will rise above 15crC and the LM2940 will go into thermal shutdown. For the LM2940T and LM2940CT, the junction-to-ambient 
thermal resistance 
(8JAJ is 53"C/W. 
When using a heatsink, 8JA is the sum of the 3"C/W junction-to-case 
thermal resistance 
(8Jc) of the LM2940T or LM2940CT and the case-to-am- 


bient thermal resistance 
of the heatsink. If the TO-263 package is used, the thermal resistance 
can be used by increasing 
the P.C. board copper area thermally 
connected 
to the package. Using 0.5 square inches of copper area, 8JA is 500C/W; with 1 square inch of copper area, 8JA is 3rC/W; 
and with 1.6 or more square 


inches of copper area, 
8JA is 32:'C/W. 
For the LM2940K, 
8JA is 39·C/W 
and 8JC is 4·C/W. 


Note 4: ESD rating is based on the human body model, 100 pF discharged 
through 1.5 kO. 


Note 5: All limits are guaranteed 
at TA = TJ = 25°C only (standard typeface) or over the entire operating temperature 
range of the indicated device (boldface 
t¥pe). 
All limits at TA = TJ = 25°C are 100% production tested. All limits at temperature 
extremes are guaranteed via correlation 
using standard Statistical Quality 


Control 
methods. 


Note 6: All limits are guaranteed 
at TA = TJ = 25°C only (standard typeface) 
or over the entire operating temperature 
range of the indicated device (boldface 
t¥pe). 
All limits are 100% product;on tested and are used to calculate 
Outgoing Quality Levels. 


Note 7: Output current will decrease with increasing 
temperature 
but will not drop below 1A at the maximum specified 
temperature. 
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Typical Performance 
Characteristics 
(Continued) 
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Line Transient 
Response 
Load Transient 
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Ripple Rejection 
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Typical Performance 
Characteristics 
(Continued) 
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Front 
View 


Order 
Number 
LM2940CT-5.0, 
LM2940CT-9.0, 
LM2940CT 
-12, LM2940CT 
-15, LM2940T -5.0, 
LM2940T-8.0, 
LM2940T-9.0, 
LM2940T-10 
or LM2940T-12 
See NS Package 
Number 
T03B 


Bottom 
View 
Order 
Number 
LM2940K-5.0/883, 


LM2940K-8.0/883, 
LM2940K-12/883, 
LM2940K-15/883 


See NS Package 
Number 
K02A 


(TO-263) 
Surtace-Mount 
Package 
a 


OUTPUT 


TAB 
IS 


GND 
GND 


INPUT 


Side View 


Order 
Number 
LM2940CS-5.0, 
LM2940CS-9.0, 
LM2940CS-12, 
LM2940CS-15, 
LM2940S-5.0, 
LM29405-8.0, 


LM2940S-9.0, 
LM2940S-10 
or LM2940S-12 
See NS Package 
Number 
TS3B 


I!J1National 
Semiconductor 


LM2941/LM2941C 
1A Low Dropout Adjustable Regulator 


General Description 


The LM2941 
positive 
voltage 
regulator 
features 
the ability to 


source 
1A of output 
current 
with a typical 
dropout 
voltage 
of 


0.5V 
and 
a maximum 
of 
1V over 
the 
entire 
temperature 


range. 
Furthermore, 
a quiescent 
current 
reduction 
circuit 


has been 
included 
which 
reduces 
the 
ground 
pin current 


when the differential 
between 
the input voltage 
and the out- 


put voltage 
exceeds 
approximately 
3V. The quiescent 
cur- 


rent with 
1A of output 
current 
and an input-output 
differen- 
tial of 5V is therefore 
only 30 mA. Higher quiescent 
currents 


only exist when the regulator 
is in the dropout 
mode (VIN - 
Vour:5: 
3V). 


Designed 
also 
for vehicular 
applications, 
the 
LM2941 
and 


all regulated 
circuitry 
are protected 
from 
reverse 
battery 
in- 
stallations 
or two-battery 
jumps. 
During line transients, 
such 


as load dump 
when 
the input voltage 
can momentarily 
ex- 


ceed 
the 
specified 
maximum 
operating 
voltage, 
the 
regu- 


lator will automatically 
shut down to protect 
both the internal 


circuits 
and 
the 
load. 
Familiar 
regulator 
features 
such 
as 


short 
circuit 
and thermal 
overload 
protection 
are also 
pro- 


vided. 


Features 


• 
Output 
voltage 
adjustable 
from 
5V to 20V 


• 
Dropout 
voltage 
typically 
0.5V 
@ 10 = 1A 


• 
Output 
current 
in excess 
of 1A 


• 
Trimmed 
reference 
voltage 


• 
Reverse 
battery 
protection 


• 
Internal 
short 
circuit 
current 
limit 


• 
Mirror 
image 
insertion 
protection 


• 
P+ 
Product 
Enhancement 
tested 


• 
TIL, 
CMOS 
compatible 
ON/OFF 
switch 


4-Lead 
TO-3 (K) 


em ;, G'''e' 
0 
- 


AOJUST 
ON/orr 


OUT 
0 
IN 


Bottom 
View 


Order 
Number 
LM2941 K/883 
See NS Package 
Number 
K04A 


(TO-220) 
Plastic Package 


Front View 


Order Number 
LM2941Tor 
LM2941CT 
See NS Package 
Number 
T05A 


(TO-263) 
5-Lead 
Surface-Mount 
Package 
TAB 
IS[JoUT 
GND 
IN 
L 
GND 


ON/OFF 


ADJUST 


TOP 
VIEW 


Order 
Number 
LM2941S 
or LM2941CS 
See NS Package 
Number 
TS5B 
• 


Absolute Maximum Ratings 
(Note 1) 
Lead Temperature 
(Soldering, 
10 seconds) 


TO-3 (K) Package 
300'C 
If 
Military/Aerospace 
specified 
devices 
are 
required, 
TO-220 
(T) Package 
260'C 
please 
contact 
the 
National 
Semiconductor 
Sales 
TO-263 
(S) Package 
260'C 
Office/Distributors 
for 
availability 
and 
specifications. 
ESD susceptibility 
to be determined. 


Input Voltage 
(Survival 
Voltage, 
,;;; 100 ms) 
LM2941 K, LM2941T, 
LM2941 S 
60V 
Operating Ratings 
LM2941CT, 
LM2941CS 
45V 


Internal 
Power Dissipation 
(Note 3) 
Internally 
Limited 
Maximum 
Input Voltage 
26V 


Maximum 
Junction 
Temperature 
150'C 
Temperature 
Range 
LM2941K 
-55'C 
,;;;TJ ,;;; 150'C 
Storage 
Temperature 
Range 
-65'C';;; 
TJ';;; 
+150'C 
LM2941T 
-40'C 
,;;;TJ ,;;; 125'C 


LM2941CT 
-O'C 
,;;;TJ ,;;; 125'C 


LM2941S 
-40'C 
,;;;TJ ,;;; 125'C 


LM2941CS 
-O'C 
,;;;TJ ,;;; 125'C 


Electrical Characteristics-LM2941 
K, LM2941T, LM2941S 


5V ,;;;Vo 
,;;;20V, VIN = Vo 
+ 
5V, Co = 22 I-'F, unless otherwise 
specified. 
Specifications 
in standard 
typeface 
apply for TJ = 


25'C, 
while 
those 
in boldface type apply over the full Operating Temperature Range. 


LM2941K 
LM2941T 
LM2941S 
Units 
Parameter 
Conditions 
Typ 
Limit 
Limit 
(Limits) 
(Notes 
2, 4) 
(Note 
5) 


Reference 
Voltage 
5 mA ,;;;10 ,;;; 1A (Note 6) 
1.275 
1.237/1.211 
1.237/1.211 
V(min) 


1.313/1.339 
1.313/1.339 
V(max) 


Line Regulation 
Vo + 2V ,;;;VIN ,;;;26V, 10 = 5 mA 
4 
10/10 
10/10 
mV/V(max) 


Load Regulation 
50mA,;;; 
10';;; 1A 
7 
10/10 
10/10 
mV/V(max) 


Output 
Impedance 
100 mADC and 20 mArms 
7 
mO/V 
fo = 120Hz 


Quiescent 
Current 
Vo + 2V ,;;;VIN < 26V, 10 = 5 mA 
10 
15/20 
15/20 
mA(max) 


VIN = Vo + 5V, 10 = 1A 
30 
45/60 
45/60 
mA(max) 


RMS Output 
Noise, 
10 Hz-100 
kHz 
0.003 
% 
% ofVOUT 
10 = 5mA 


Ripple 
Rejection 
fo = 120 Hz, 1 Vrms, IL = 100 mA 
0.005 
0.02/0.04 
0.02/0.04 
%/V(max) 


Long Term Stability 
0.4 
%/1000 
Hr 


Dropout 
Voltage 
10 = 1A 
0.5 
0.8/1.0 
0.8/1.0 
V(max) 


10 = 100mA 
110 
200/200 
200/200 
mV(max) 


Short Circuit Current 
VIN max = 26V (Note 7) 
1.9 
1.6/1.3 
1.6 
A(min) 


Maximum 
Line 
Vo max 1V above nominal 
Vo 
75 
60/60 
60/60 
V(min) 
Transient 
Ro = 1000, 
T,;;; 100 ms 


Maximum 
Operational 
31 
26/26 
26/26 
Voc 
Input Voltage 


Reverse 
Polarity 
Ro = 1000, 
Vo;;' 
-0.6V 
-30 
-15/-15 
-15/-15 
V(min) 
DC Input Voltage 


Reverse 
Polarity 
T,;;; 100 ms, Ro = 1000 


-75 
-50/-50 
-50/-50 
V(min) 
Transient 
Input Voltage 


ON/OFF 
10';;; 1A 
Threshold 
Voltage 
1.30 
0.80/0.80 
0.80/0.80 
V(max) 
ON 


ON/OFF 
10';;; 1A 
( 


Threshold 
Voltage 
1.30 
2.00/2.00 
2.00/2.00 
V(min) 
OFF 


ON/OFF 
VON/OFF = 2.0V, 
50 
100/300 
100/300 
I-'A(max) 
Threshold 
Current 
10';;; 1A 


Electrical 
Characteristics-LM2941 
CT ,LM2941 CS 


5V ,;; Vo 
,;; 20V, VIN = Vo + 5V, Co 
= 22 fLF, unless otherwise 
specified. 
Specifications 
in standard 
typeface 
apply for TJ = 
25°C, while 
those 
in boldface 
type 
apply over the full Operating 
Temperature 
Range. 


Typ 
limit 
Units 
Parameter 
Conditions 
(Note 
5) 
(Limits) 


Reference 
Voltage 
5 mA ,;; 10 ,;; 1A (Note 6) 


1.275 
1.237/1.211 
V(min) 


1.313/1.339 
V(max) 


Line Regulation 
Vo + 2V ,;; VIN ,;; 26V, 10 = 5 mA 
4 
10 
mVIV(max) 


Load Regulation 
50mA,;; 
10';; 
1A 
7 
10 
mVIV(max) 


Output 
Impedance 
100 mADC and 20 mArms 
7 
mOlV 
fo=120Hz 


Quiescent 
Current 
Vo + 2V ,;; VIN < 26V, 10 = 5 mA 
10 
15 
mA(max) 


VIN = Vo + 5V, 10 = 
1A 
30 
45/60 
mA(max) 


RMS Output 
Noise, 
10 Hz-100 
kHz 
0.003 
% 


% ofVOUT 
10 = 5 mA 


Ripple Rejection 
fo = 
120 Hz, 1 Vrms, IL = 
100 mA 
0.005 
0.02 
%1V(max) 


Long Term Stability 
0.4 
%/1000 
Hr 


Dropout 
Voltage 
10 = 
1A 
0.5 
0.8/1.0 
V(max) 


10= 
100mA 
110 
200/200 
mV(max) 


Short Circuit Current 
VIN max = 26V (Note 7) 
. 
1.9 
1.6 
A(min) 


Maximum 
Line 
Vo max 1V above nominal 
Vo 
55 
45 
V(min) 
Transient 
Ro = 
100n, 
T ,;; 100 ms 


Maximum 
Operational 
31 
26 
VDC 
Input Voltage 


Reverse 
Polarity 
Ro = 
100n, 
Vo ~ -0.6V 
-30 
-15 
V(min) 
DC Input Voltage 


Reverse 
Polarity 
T,;; 
100 ms, Ro = 
100n 
-55 
-45 
V(min) 
Transient 
Input Voltage 


ON/OFF 
10';; 
1A 


Threshold 
Voltage 
1.30 
0.80 
V(max) 
ON 
t 


ON/OFF 
10';; 
1A 


Threshold 
Voltage 
1.30 
2.00 
V(min) 
OFF 


ON/OFF 
VON/OFF = 2.0V, 
50 
100 
fLA(max) 
Threshold 
Current 
10';; 
1A 


Note 
1: Absolute 
Maximum 
Ratings indicate limits beyond which damage to the device may occur. Operating 
ratings indicate conditions 
for which the device is 
intended to be functional, 
but device parameter 
specifications 
may not be guaranteed 
under these conditions. 
For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 


Note 2: A military RETS specification 
available upon request. At the time of printing, the LM2941/883 
RETS specification 
complied with the boldface limits in this 
column. The LM2941 K/883 
may also be procured to a Standard Military Drawing. 


Note 3: The maximum power dissipation 
is a function 
of TJ(max), 8JA, and TA. The maximum allowable 
power dissipation 
at any ambient temperature 
is Po = 
(TJ(max) - 
TA>18JA. If this dissipation is exceeded, the die temperature 
will rise above 1500C and the LM2941 will go into thermal shutdown. For the LM2941T and 
LM2941CT, 
the junction-to-ambient 
thermal resistance 
(8JA> is 53°C/W, 
and the junction-to-case 
thermal resistance 
(8Jd 
is 3°C/W. 
For the LM2941K, 
8JA is 


35°C/W and 8JC is 4°C/W. The junction-to-ambient 
thermal resistance of the TO-263 is 73°C/W, 
and junction-to-case 
thermal resistance, 
8JC is 3"C. If the TO-263 
package is used, the thermal resistance can be reduced by increasing the P.C. board copper area thermally connected 
to the package: Using 0.5 square inches of 


copper area, 8JA is 50°C/W; 
with 1 square inch of copper area, 8JA is 3rC/W; 
and with 1.6 or more square inches of copper area, 8JA is 3'Z'C/W. 


Note 
4: All limits guaranteed 
at room temperature 
(standard 
typeface) 
and at temperature 
extremes 
(boldface 
type). All limits are used to calculate 
Outgoing 
Quality Level, and are 100% production 
tested. 


Note 
5: All limits guaranteed 
at room temperature 
(standard 
typeface) 
and at temperature 
extremes 
(boldface 
type). All room temperature 
limits are 100% 


production 
tested. All limits at temperature 
extremes are guaranteed 
via correlation 
using standard Statistical 
Quality Control (SQC) methods. 


Note 6: The output voltage 
range is 5V \0 20V and is determined 
by the two external resistors. R1 and R2. See Typical Application 
Circuit. 


Note 7: Output current capability will decrease with increasing temperature, 
but will not go below 1A at the maximum specified temperatures. 
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Typical Performance Characteristics 
(Continued) 
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Maximum Power 
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Definition of Terms 
Dropout Voltage: The input-voltage differential at which 
the circuit ceases to regulate against further reduction in 
input voltage. Measured when the output voltage has 
dropped 100 mV from the nominal value obtained at (Vour 
+ 5V) input. dropout voltage is dependent upon load cur- 
rent and junction temperature. 


Input Voltage: The DC voltage applied to the input termi- 
nals with respect to ground. 
Input-Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output volt- 
age for which the regulator will operate. 
Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made un- 
der conditions of low dissipation or by using pulse tech- 
niques such that the average chip temperature is not signifi- 
cantly affected. 


Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 
Long Term Stability: Output voltage stability under accel- 
erated life-test conditions after 1000 hours with maximum 
rated voltage and junction temperature. 


Output Noise Voltage: The rms AC voltage at the output. 
with constant load and no input ripple. measured over a 
specified frequency range. 


Quiescent Current: That part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 


Ripple Rejection: The ratio of the peak-to-peak input ripple 
voltage to the peak-to-peak output ripple voltage. 
Temperature Stability of Vo: The percentage change in 
output voltage for a thermal variation from room tempera- 
ture to either temperature extreme. 


5V to 20V Adjustable Regulator 


+VIN• 


C1Nt 


~ 


IN 
VOllT 
OUT 
5V 10 20V 
OFF 
01A 


tON/OFF 
R2 
LM2941 
AOJ 
+COUT•• 
I 
22}4F 
ON 
VREF 
Rl 


Rl + R2 
. 
VOUT = ReferencevoJtage x -R-l-whereVREF 
= 1.275typlcal 


SolvingforR2: 
R2 ~ Rl (~- 
1) 
VAEF 


Note: Using 1k for R1 will ensure that the input bias current error of the 
adjust pin will be negligible. 
Do not bypass R1 or R2. This will lead to instabil- 
ities. 


TL/H/8823-3 


·Required 
if regulator 
is located 
far from power supply filter. 


"COUT 
must be at least 22 p.F to maintain 
stability. May be increased 
with~ 
out bound to maintain 
regulation 
during transients. 
Locate 
as close as possi- 
ble to the regulator. 
This capacitor 
must be rated over the same 
operating 
temperature 
range as the regulator 
and the E8R 
is critical; see curve. 


1ASwitch 


12V 


IN 
R3 
33k.a.··· 


ON/OFF 
LM2941 
ILOAO 


'iON 
OrF 
51 
<>NO 
ADJ 
- 


TUH/8823-6 


···To 
assure 
shutdown, 
select 
Resistor 
R3 to guarantee 
at least 300 J.LAof pull-up current when 81 is open. 
(Assume 
2V at the ON/OFF 
pin.) 


GNO 


ON/OFF 


..,. 
co 
~ f:}1National 
Semiconductor 


General Description 


The LM2984 
positive 
voltage 
regulator 
features 
three 
inde- 


pendent 
and tracking 
outputs 
capable 
of delivering 
the pow- 


er for logic circuits, 
peripheral 
sensors 
and standby 
memory 


in a typical 
microprocessor 
system. 
The 
LM2984 
includes 


circuitry 
which 
monitors 
both its own high-current 
output and 


also 
an external 
,...P. If any error 
conditions 
are sensed 
in 


either, 
a reset error flag is set and maintained 
until the mal- 


function 
terminates. 
Since 
these 
functions 
are included 
in 


the same package 
with the three 
regulators, 
a great saving 


in board space can be realized 
in the typical 
microprocessor 


system. 
The 
LM2984 
also 
features 
very 
low dropout 
volt- 


ages on each of its three 
regulator 
outputs 
(0.6V at the rat- 


ed output 
current). 
Furthermore, 
the quiescent 
current 
can 


be reduced 
to 1 mA in the standby 
mode. 


Designed 
also 
for vehicular 
applications, 
the 
LM2984 
and 


all regulated 
circuitry 
are protected 
from 
reverse 
battery 
in- 
stallations 
or 2-battery 
jumps. 
Familiar 
regulator 
features 


such 
as short 
circuit 
and 
thermal 
overload 
protection 
are 


also provided. 
Fixed outputs 
of 5V are available 
in the plas- 


tic TO-220 
power 
package. 


Features 


• 
Three 
low dropout 
tracking 
regulators 


• 
Output 
current 
in excess 
of 500 mA 


• 
Fully specified 
for 
- 40'C 
to + 125'C 
operation 


• 
Low quiescent 
current 
standby 
regulator 


• 
Microprocessor 
malfunction 
RESET 
flag 


• 
Delayed 
RESET 
on power-up 


• 
Accurate 
pretrimmed 
5V outputs 


• 
Reverse 
battery 
protection 


• 
Overvoltage 
protection 


• 
Reverse 
transient 
protection 


• 
Short 
circuit 
protection 


• 
Internal 
thermal 
overload 
protection 


• 
ON/OFF 
switch 
for high current 
outputs 


• 
P+ Product 
Enhancement 
tested 


+ 
";J; 10 ~F 


MONITOR OUT 


RESET IN 


""MOM 


RESET 


+;J;10~ 


GoUT must be at least 
10 J.LFto 
maintain 
stability. 
May be increased 
without bound to maintain regulation 
dUring transients. 
Locate as close as 


possible to the regulator. This capac- 
itor must be rated over the same op- 
erating 
temperature 
range 
as the 
regulator. 
The equivalent 
series re- 
sistance 
(ESR) of this capacitor 
is 
critical; see curve. 


Order 
Number 
LM2984T 
See NS Package 
Number 
TA 11 B 


Absolute Maximum Ratings 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Internal 
Power Dissipation 
Internally 
Limited 


please 
contact 
the 
National 
Semiconductor 
Sales 
Operating 
Temperature 
Range (TAl 
- 40'C to + 125°C 


Office/Distributors 
for 
availability 
and 
specifications. 
Maximum 
Junction 
Temperature 
(Note 1) 
150'C 
Input Voltage 
Storage 
Temperature 
Range 
- 65'C to + 150'C 
Survival 
Voltage 
« 
100 ms) 
60V 


Operational 
Voltage 
26V 
Lead Temperature 
(Soldering, 
10 sec.) 
230'C 


ESD Susceptability 
(Note 3) 
2000V 


Electrical Characteristics 


VIN = 14V, lOUT = 5 mA, COUT = 10 /LF, unless otherwise 
indicated. 
Boldface type refers to limits over the entire operating 


temperature 
range, 
-40'C 
,;; TA ,;; + 125'C, 
all other 
limits are for TA = Tj = 25'C 
(Note 6). 


Parameter 
Conditions 
Typical 
Limit 
Units 
(Note 
2) 


VOUT (pin 11) 


Output 
Voltage 
5 mA ,;; 10 ,;; 500 mA 
5.00 
4.85/4.75 
Vmin 


6V,;; 
VIN';; 
26V 
5.15/5.25 
Vmax 


Line Regulation 
9V,;; 
VIN';; 
16V 
2 
25/25 
mVmax 


7V,;; 
VIN';; 
26V 
5 
50/50 
mVmax 


Load Regulation 
5 mA ,;; lOUT ,;; 500 mA 
12 
50/50 
mVmax 


Output 
Impedance 
250 m~c 
and 10 mArms, 
24 
mn 
fo = 120Hz 


Quiescent 
Current 
lOUT = 500 mA 
38 
100/100 
mAmax 


lOUT = 250 mA 
14 
50/50 
mAmax 


Output 
Noise Voltage 
10 Hz-100 
kHz, lOUT = 100 mA 
100 
/LV 


Long Term Stability 
20 
mV/1000 
hr 


Ripple Rejection 
fo = 120Hz 
70 
60/50 
dBmin 


Dropout 
Voltage 
lOUT = 500 mA 
0.53 
0.80/1.1 
Vmax 


lOUT = 250 mA 
0.28 
0.50/0.70 
Vmax 


Current 
Limit 
0.92 
0.75/0.60 
Amin 


Maximum 
Operational 
Continuous 
DC 
32 
26/26 
Vmin 
Input Voltage 


Maximum 
Line Transient 
VOUT';; 
6V, ROUT = 100n, 
T ,;; 100 ms 
65 
60/60 
Vmin 


Reverse 
Polarity 
VOUT;;' 
-0.6V, 
ROUT = 100n 
-30 
-15/-15 
Vmin 
Input Voltage 
DC 


Reverse 
Polarity 
Input 
T ,;; 100 ms, ROUT = 100n 
-55 
-35/-35 
Vmin 
Voltage 
Transient 
• 


Electrical Characteristics 
(Continued) 


VIN = 14V, Ibut = 5 mA, Cbut = 10 ",F, unless 
otherwise 
indicated. 
Boldface type refers 
to limits over the entire 
operating 
temperature 
range, 
- 40'C 
,;; TA ,;; + 125'C, 
all other 
limits are for TA = Tj = 25'C 
(Note 
6). 


Parameter 
Conditions 
Typical 
Limit 
Units 
(Note 
2) 


Vbuffer 
(Pin 10) 


Output 
Voltage 
5mA';; 
10';; 100mA 
5.00 
4.85/4.75 
Vmin 


6V,;; 
VIN';; 
26V 
5.15/5.25 
Vmax 


Line Regulation 
9V,;; 
VIN';; 
16V 
2 
25/25 
mVmax 


7V,;; 
VIN';; 
26V 
5 
50/50 
mVmax 


Load Regulation 
5 mA ,;; Ibut ,;; 100 mA 
15 
50/50 
mVmax 


Output 
Impedance 
50 mA,jc and 10 mArms, 


200 
mn 
fa = 120Hz 


Quiescent 
Current 
Ibut = 100 mA 
8.0 
15/15 
mAmax 


Output 
Noise Voltage 
10 Hz-100 
kHz, lOUT = 100 mA 
100 
",V 


Long Term Stability 
20 
mV/1000 
hr 


Ripple Rejection 
fo = 120Hz 
70 
60/50 
dBmin 


Dropout 
Voltage 
'but = 100 mA 
0.35 
0.50/0.80 
Vmax 


Current 
Limit 
0.23 
0.15/0.15 
Amin 


Maximum 
Operational 
Continuous 
DC 
32 
26/26 
Vmin 
Input Voltage 


Maximum 
Line 
Vbut ,;; 6V, Rbut = 100n, 
65 
60/60 
Vmin 
Transient 
T,;;100ms 


Reverse 
Polarity 
Vbut ~ -0.6V, 
Rbut = 100n 
-30 
-15/-15 
Vmin 
Input Voltage 
DC 


Reverse 
Polarity 
Input 
T,;; 
100 ms, Rbut = 100n 
-55 
-35/-35 
Vmin 
Voltage 
Transient 


Electrical Characteristics 


VIN = 14V, Istby = 1 mA, Cstby = 10 ",F, unless 
otherwise 
indicated. 
Boldface type refers to limits over the entire 
operating 
temperature 
range, 
-40'C 
,;; TA ,;; + 125'C, 
all other 
limits are for TA = Tj = 25'C 
(Note 6). 


Parameter 
Conditions 
Typical 
Limit 
Units 
(Note 
2) 


Vstandby 
(Pin 9) 


Output Voltage 
1 mA ,;; 'a ,;; 7.5 mA 
5.00 
4.85/4.75 
Vmin 
6V,;; 
VIN';; 
26V 
5.15/5.25 
Vmax 


Line Regulation 
9V,;; 
VIN';; 
16V 
2 
25/25 
mVmax 


7V,;; 
VIN';; 
26V 
5 
50/50 
mVmax 


Load Regulation 
0.5 mA ,;; lOUT';; 
7.5 mA 
6 
50/50 
mVmax 


Output 
Impedance 
5 mA,jc and 1 mArms, fo = 120 Hz 
0.9 
n 


Quiescent 
Current 
Istby = 7.5 mA 
1.2 
2.0/4.0 
mAmax 


Istby = 2 mA 
0.9 
1.5/4.0 
mAmax 


Electrical Characteristics 
(Continued) 


VIN = 14V, 'stby = 1 mA, Cstby = 10 ,..F, unless otherwise 
indicated. 
Boldface type refers to limits over the entire operating 
temperature 
range, 
- 40'C 
,;:;TA ,;:; + 125'C, 
all other limits are for TA = Tj = 25'C 
(Note 6). 


Conditions 
Typical 
Limit 
Units 
Parameter 
(Note 
2) 


Vstandbv (Pin 9) (Continued) 


Output 
Noise Voltage 
10 Hz-1 00 kHz, 'stby = 1 mA 
100 
,..V 


Long Term Stability 
20 
mV/1000 
hr 


Ripple Rejection 
fo = 120Hz 
70 
60/50 
dBmin 


Dropout 
Voltage 
Istbv = 1 mA 
0.26 
0.50/0.60 
Vmax 


Istbv = 7.5 mA 
0.38 
0.60/0.70 
Vmax 


Current 
Limit 
15 
12/12 
mAmin 


Maximum 
Operational 
4.5V ,;:;Vstby ,;:;6V, 


65 
60/60 
Vmin 
Input Voltage 
Rstbv = 10000 


Maximum 
Line 
Vstby';:; 6V, T ,;:; 100 ms, 
65 
60/60 
Vmin 
Transient 
Rstbv = 10000 


Reverse 
Polarity 
Vstby ;" -0.6V, 
-30 
-15/-15 
Vmin 
Input Voltage 
DC 
Rstbv = 10000 


Reverse 
Polarity Input 
T ,;:; 100 ms, Rstby = 10000 
-55 
-35/-35 
Vmin 
Voltage 
Transient 


Electrical Characteristics 


VIN = 14V, COUT = 10 ,..F, Cbut = 10 ,..F, Cstby = 10 ,..F, unless otherwise 
indicated. 
Boldface type refers to limits over the 
entire 
operating 
temperature 
range, 
- 40'C 
,;:; TA ,;:; + 125'C, 
all other 
limits are for TA = Tj = 25'C 
(Note 6). 


Parameter 
Conditions 
Typical 
Limit 
Units 
(Note 2) 
. 


Tracking 
and Isolation 


Tracking 
'OUT';:; 500 mA, 'but = 5 mA, 
±30 
±100/± 
100 
mVmax 
VOUT-Vstby 
'stbv ,;:;7.5 mA 


Tracking 
'OUT = 5 mA,lbut 
,;:;100 mA, 
±30 
±100/± 
100 
mVmax 
Vbut-Vstbv 
'stbv ,;:;7.5 mA 


Tracking 
'OUT ,;:;500 mA, Ibut ,;:; 100 mA, 
±30 
±100/± 
100 
mVmax 
VOUT-Vbut 
Istbv = 1 mA 


Isolation" 
ROUT = 10,lbut';:; 
100 mA 
5.00 
4.50/4.50 
Vmin 
Vbut from VOUT 
5.50/5.50 
Vmax 


Isolation" 
ROUT = 1!1, 'stby ,;:;7.5 mA 
5.00 
4.50/4.50 
Vmin 
Vstby from VOUT 
5.50/5.50 
Vmax 


Isolation" 
Rbut = 10, lOUT';:; 500 mA 
5.00 
4.50/4.50 
Vmin 
VOUT from Vbut 
5.50/5.50 
Vmax 


Isolation" 
Rbut = 10,Istby 
,;:;7.5 mA 
5.00 
4.50/4.50 
Vmin 
Vstby from Vbut 
5.50/5.50 
Vmax 


·Isolation 
refers to the ability of the specified 
output to remain within the tested 
limits when the other output is shorted to ground. 
• 


Electrical Characteristics 
(Continued) 


VIN = 14V, lOUT = 5 mA,lbuf 
= 5 mA,lstby 
= 5 mA, Rt = 130 k!1, Ct = 0.33 fLF, Cmon = 0.47 fLF, unless otherwise 
indicated, 


Boldface 
type refers to limits over the entire operating 
temperature 
range, 
- 40'C 
,;; TA ~ + 125'C, 
all other 
limits are for TA = 


TJ = 25'C 
(Note 6) 


Typical 
Limit 
Units 
Parameter 
Conditions 
(Note 
2) 


Computer 
Monitor/Reset 
Functions 


Ireset Low 
VIN = 4V, Vrst = O.4V 
5 
2/0.50 
mAmin 


Vreset Low 
VIN = 4V, Irst = 1 mA 
0.10 
0.40/0.40 
Vmax 


Rtvoltage 
(Pin 2) 
1.22 
1.15/0.75 
Vmin 


1.22 
1.30/2.00 
Vmax 


Power On Reset 
VfLPmon = 5V 
50 
45/17.0 
mSmin 
Delay 
(Tdly = 1.2 Rt Ct) 
50 
55/80.0 
mSmax 


~VOUT Low 
(Note 4) 
-350 
-225/-175 
mVmin 
Reset Threshold 
-500/-550 
mVmax 


~VOUT High 
(Note 4) 
600 
225/175 
mVmin 
Reset Threshold 
750/800 
mVmax 


Reset Output 
VfLPmon = 5V, Vrst = 12V 
0.01 
1/5.0 
fLAmax 
Leakage 


fLPmon Input 
VfLPmon = 2.4V 
7.5 
25/25 
fLAmax 


Current 
(Pin 4) 
VfLPmon = O.4V 
0.01 
10/15 
fLAmax 


fLPmon Input 
1.22 
0.80/0.80 
Vmin 
Threshold 
Voltage 
1.22 
2.00/2.00 
Vmax 


fLP Monitor 
Reset 
VfLPmon = OV 
50 
45/30 
mSmin 
Oscillator 
Period 
(Twindow = 0.82 RtCmon) 
50 
55/70 
mSmax 


fLP Monitor 
Reset 
VfLPmon = OV 
1.0 
0.7/0.4 
mSmin 
Oscillator 
Pulse Width 
(RESET pw = 2000 Cmon) 
1.0 
1.3/2.10 
mSmax 


Minimum 
fLP Monitor 
(Note 5) 
2 
fLs 
Input Pulse Width 


Reset Fall Time 
Rrst = 10k, Vrst = 5V, Crst ~ 10 pF 
0.20 
1.00/1.00 
fLsmax 


Reset Rise Time 
Rrst = 10k, Vrst = 5V, Crst ~ 10 pF 
0.60 
1.00/1.50 
fLsmax 


On/Off 
Switch 
Input 
VaN = 2.4V 
7.5 
25/25 
fLAmax 


Current 
(Pin 8) 
VaN = 0.4V 
0.01 
10/10 
fLAmax 


On/Off 
Switch 
Input 
1.22 
0.80/0.80 
Vmin 
Threshold 
Voltage 
1.22 
2.00/2.00 
Vmax 


Note 1: Thermal resistance 
without a heatsink for junction-to-case 
temperature 
is aoC/W. Thermal resistance 
case-la-ambient 
is 4rrC/W. 


Note 2: Tested Limits afe guaranteed 
and 100% production 
tested. 


Note 3: Human body model, 100 pF capacitor 
discharged 
through a 1500n resistor. 


Note 4: Internal comparators 
detect when the main regulator output (Vour) changes from the measured output voltage (with VIN = 14V) by the specrtied amount, 


.6VOUT High or .6.VOUT Low, and set the Reset Error Flag low. The Reset Error Flag is held low until Your 
returns to regulation. 
The Aeset Error Flag is then 
allowed to go high again after a delay set by At and Ct. (see application 
section). 


Note 5: This parameter 
is a measure of how short a pulse can be detected 
at the ",P Monitor Input. This parameter 
is primarily influenced 
by the value of Cmon. 
(See Application 
Hints Section.) 


Note 6: To ensure constant junction temperature, 
low duty cycle pulse testing is used. 


POWER-UP 


RESET 
T1to1ER 


~ST 


RESET 


5 


c...ON .:r:. 


PinNa. 
Pin Name 
Comments 


1 
VIN 
Positive supply input voltage 
2 
Rt 
Sets internal timing currents 
3 
Ct 
Sets power-up 
reset delay timing 
4 
JLPmon 
Microcomputer 
monitor 
input 
5 
Cmon 
Sets JLC monitor timing 
6 
Ground 
Regulator 
ground 
7 
Reset 
Reset error flag output 
8 
ON/OFF 
Enables/ disables 
high current regulators 
9 
VStandby 
Standby regulator 
output (7.5 mAl 
10 
Vbuffer 
Buffer regulator 
output (100 mAl 
11 
VOUT 
Main regulator 
output (500 mAl 


Component 
Typical 
Value 
Component 
Range 
Comments 


CIN 
1 ",F 
0.47 ",F-10 
",F 
Required 
if device is located 
far from power supply filter. 


Rt 
130k 
24k-510k 
Sets internal 
timing currents. 


Ct 
0.33 ",F 
0.033 ",F-3.3 
",F 
Sets power-up 
reset delay. 


Ctc 
0.01 ",F 
0.001 ",F-0.1 
",F 
Establishes 
time constant 
of AC coupled 
computer 
monitor. 


Rtc 
10k 
1k-100k 
Establishes 
time constant 
of AC coupled 
computer 
monitor. 
(See 
applications 
section.) 


Crnon 
0.47 ",F 
0.047 ",F-4.7 
",F 
Sets time window 
for computer 
monitor. 
Also determines 
period and pulse 


width of computer 
malfunction 
reset. (See applications 
section.) 


R,s! 
10k 
5k-100k 
Load for open collector 
reset output. 
Determined 
by computer 
reset input 


requirements. 


Cstby 
lO",F 
10 ",F-no 
bound 
A 10 ",F is required 
for stability 
but larger values can be used to maintain 
regulation 
during transient 
conditions. 


Cbuf 
lO",F 
10 ",F-no 
bound 
A 10 ",F is required 
for stability 
but larger values can be used to maintain 
regulation 
during transient 
conditions. 


COUT 
10 ",F 
10 ",F-no 
bound 
A 10 ",F is required 
for stability 
but larger values can be used to maintain 
regulation 
during transient 
conditions. 


• 
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Order Number 
LM2984T 
See NS Package 
Number 
TA 11B 


Typical Performance 
Characteristics 
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Typical Performance Characteristics 
(Continued) 
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Application 
Hints 


OUTPUT 
CAPACITORS 


The 
LM2984 
output 
capacitors 
are 
required 
for 
stability. 
Without 
them, the regulator 
outputs 
will oscillate, 
sometimes 


by many volts. 
Though 
the 10 ",F shown 
are the minimum 


recommended 
values, 
actual 
size 
and 
type 
may vary 
de- 


pending 
upon 
the application 
load and temperature 
range. 
Capacitor 
effective 
series 
resistance 
(ESR) also affects 
the 


IC stability. 
Since 
ESR varies 
from 
one 
brand 
to the 
next, 


some 
bench 
work 
may be required 
to determine 
the mini- 


mum 
capacitor 
value 
to use in production. 
Worst 
case 
is 


usually 
determined 
at the 
minimum 
ambient 
temperature 


and the maximum 
load expected. 


Output 
capacitors 
can be increased 
in size to any desired 


value 
above 
the 
minimum. 
One 
possible 
purpose 
of this 


would 
be to maintain 
the output 
voltages 
during 
brief condi- 
tions 
of negative 
input transients 
that might be characteris- 


tic of a particular 
system. 


Capacitors 
must also 
be rated 
at all ambient 
temperatures 


expected 
in the system. 
Many 
aluminum 
type electrolytics 


will freeze 
at temperatures 
less than 
- 30'C, 
reducing 
their 


effective 
capacitance 
to zero. To maintain 
regulator 
stability 


down to -40'C, 
capacitors 
rated at that temperature 
(such 


as tantalums) 
must be used. 


Each output 
must 
be terminated 
by a capacitor, 
even if it is 


not used. 


STANDBY 
OUTPUT 


The standby 
output 
is intended 
for use in systems 
requiring 


standby 
memory 
circuits. 
While 
the 
high current 
regulator 
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outputs 
are controlled 
with the ONIOFF 
pin described 
later, 


the standby 
output 
remains 
on under 
all conditions 
as long 
as sufficient 
input voltage 
is supplied 
to the IC. Thus, memo- 
ry and other circuits 
powered 
by this output 
remain 
unaffect- 
ed by positive 
line transients, 
thermal 
shutdown, 
etc. 


The standby 
regulator 
circuit 
is designed 
so that the quies- 
cent current 
to the IC is very low « 
1.5 mAl when the other 


regulator 
outputs 
are off. 


The 
capacitor 
on the 
output 
of this 
regulator 
can 
be 
in- 


creased 
without 
bound. 
This 
will help 
maintain 
the 
output 
voltage 
during negative 
input transients 
and will also help to 
reduce 
the 
noise 
on all three 
outputs. 
Because 
the 
other 
two track the standby 
output: 
therefore 
any noise reduction 


here will also reduce 
the other 
two noise voltages. 


BUFFER 
OUTPUT 


The buffer 
output 
is designed 
to drive peripheral 
sensor 
cir- 
cuitry 
in a ",P system. 
It will track 
the 
standby 
and 
main 
regulator 
within 
a few millivolts 
in normal 
operation. 
There- 
fore, a peripheral 
sensor 
can be powered 
off this supply and 
have the same operating 
voltage 
as the ",P system. 
This is 
important 
if a ratiometric 
sensor 
system 
is being used. 


The buffer 
output 
can be short circuited 
while the other two 
outputs 
are in normal 
operation. 
This 
protects 
the ",P sys- 
tem 
from 
disruption 
of power 
when 
a sensor 
wire, 
etc. 
is 


temporarily 
shorted 
to ground, 
I.e. only 
the 
sensor 
signal 
would 
be 
interrupted, 
while 
the 
",P 
and 
memory 
circuits 


would 
remain 
operational. 


The 
buffer 
output 
is similar 
to the 
main output 
in that 
it is 


controlled 
by the ON/OFF 
switch 
in order to save power 
in 


Application 
Hints (Continued) 


the standby 
mode. 
It is also fault protected 
against 
overvolt- 


age and thermal 
overload. 
If the input voltage 
rises above 


approximately 
30V 
(e.g. load 
dump), 
this 
output 
will auto- 


matically 
shut down. 
This protects 
the internal 
circuitry 
and 


enables 
the 
IC to 
survive 
higher 
voltage 
transients 
than 


would 
otherwise 
be expected. 
Thermal 
shutdown 
is neces- 


sary 
since 
this 
output 
is one 
of the 
dominant 
sources 
of 


power 
dissipation 
in the IC. 


MAIN OUTPUT 


The main output 
is designed 
to power relatively 
large loads, 


I.e. approximately 
500 
mA. 
It is therefore 
also 
protected 


against 
overvoltage 
and thermal 
overload. 


This output 
will track the other 
two within 
a few millivolts 
in 


normal 
operation. 
lt can therefore 
be used as a reference 


voltage 
for any signal derived 
from circuitry 
powered 
off the 


standby 
or buffer 
outputs. 
This is important 
in a ratiometric 


sensor 
system 
or any system 
requiring 
accurate 
matching 
of 


power 
supply 
voltages. 


ON/OFF 
SWITCH 


The ON/OFF 
switch controls 
the main output 
and the buffer 


output. 
The threshold 
voltage 
is compatible 
with most logic 


families 
and has about 20 mV of hysteresis 
to insure 'clean' 


switching 
from 
the 
standby 
mode 
to the 
active 
mode 
and 


vice versa. This pin can be tied to the input voltage 
through 


a 10 kD. resistor 
if the regulator 
is to be powered 
continu- 


ously. 


POWER 
DOWN OVERRIDE 


Another 
possible 
approach 
is to use a diode 
in series 
with 


the ON/OFF 
signal and another 
in series with the main out- 


put in order to maintain 
power for some period 
of time after 


the ON/OFF 
signal has been removed 
(see Figure 
1). When 


the ON/OFF 
switch 
is initially 
pulled 
high through 
diode 01, 


the main output will turn on and supply power through 
diode 


02 to the ON/OFF 
switch 
effectively 
latching 
the main out- 


put. 
An 
open 
collector 
transistor 
01 
is connected 
to the 


ON/OFF 
pin along with the two diodes 
and forces 
the regu- 


lators off after a period of lime determined 
by the /LP. In this 


way, the /LP can override 
a power down command 
and store 


data, 
do 
housekeeping, 
etc. 
before 
reverting 
back 
to the 


standby 
mode. 


Rl 


10kfi 


fRON jSP 


SHUTDOWN 
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FIGURE 
1. Power 
Down 
Override 


RESET OUTPUT 


This 
output 
is an open 
collector 
NPN 
transistor 
which 
is 


forced 
low whenever 
an error 
condition 
is present 
at the 


main output 
or when 
a /LP error is sensed 
(see /LP Monitor 


section). 
If the main output voltage 
drops by 350 mV or rises 


out of regulation 
by 600 mV typically, 
the RESET 
output 
is 


forced 
low 
and 
held 
low for a period 
of time 
set by two 


external 
components, 
Rt and Ct. There 
is a slight amount 
of 


hysteresis 
in these 
two threshold 
voltages 
so that the RE- 
SET output 
has a fast rise and fall time compatible 
with the 


requirements 
of most /LP RESET 
inputs. 


DELAYED 
RESET 


Resistor 
Rt and capacitor 
Ct set the period 
of time that the 


RESET output 
is held low after a main output error condition 


has been sensed. 
The delay 
is given by the formula: 


Tdly = 1.2 RtCt (seconds) 


The delayed 
RESET will be initiated 
any time the main out- 


put is out of regulation, 
I.e. during 
power-up, 
short 
circuit, 


overvoltage, 
low 
line, 
thermal 
shutdown 
or 
power-down. 


The /LP is therefore 
RESET whenever 
the output 
voltage 
is 


out of regulation. 
(It is important 
to note 
that 
a RESET 
is 


only 
initiated 
when 
the 
main output 
is in error. 
The 
buffer 


and 
standby 
outputs 
are 
not 
directly 
monitored 
for 
error 


conditions.) 


/LP MONITOR 
RESET 


There 
are 
two 
distinct 
'and 
independent 
error 
monitoring 


systems 
in the LM2984. 
The one described 
above 
monitors 


the 
main 
regulator 
output 
and 
initiates 
a delayed 
RESET 


whenever 
this output 
is in error. The other 
error 
monitoring 


system 
is the /LP watchdog. 
These 
two 
systems 
are OR'd 
together 
internally 
and 
both 
force 
the 
RESET 
output 
low 


when 
either type of error occurs. 


This watchdog 
circuitry 
continuously 
monitors 
a pin on the 


/LP that generates 
a positive 
going pulse during 
normal 
op- 


eration. 
The period 
of this pulse 
is typically 
on the order 
of 


milliseconds 
and the pulse width 
is typically 
on the order of 


10's 
of 
microseconds. 
If this 
pulse 
ever 
disappears, 
the 


watchdog 
circuitry 
will time 
out and 
a RESET 
low will 
be 


sent 
to the 
/LP. The time 
out period 
is determined 
by two 


external 
components, 
Rt and Cmon, according 
to the formu- 


la: 


Twindow = 0.82 RtCmon (seconds) 
The width 
of the RESET 
pulse 
is set by Cmon and an inter- 
nal resistor 
according 
to the following: 


RESET pw = 2000 Cmon (seconds) 


A square 
wave 
signal 
can also 
be monitored 
for errors 
by 


filtering 
the Cmon input such that only the positive 
edges 
of 


the signal are detected. 
Figure 2 is a schematic 
diagram 
of a 


typical 
circuit 
used to differentiate 
the input signal. 
Resistor 


Rtc and 
capacitor 
Ctc 
pass 
only 
the 
rising 
edge 
of 
the 


square 
wave 
and create 
a short 
positive 
pulse 
suitable 
for 


the /LP monitor 
input. 
If the incoming 
signal 
continues 
in a 


high state 
or in a low state for too long a period 
of time, a 


RESET 
low will be generated. 


Cmon 
;r, 
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FIGURE 
2. Monitoring 
Square 
Wave 
/LP Signals 


The threshold 
voltage 
and input 
characteristics 
of this 
pin 


are compatible 
with nearly all logic families. 


There 
is a limit on the width 
of a pulse that can be reliably 


detected 
by the watchdog 
circuit. 
This is due to the outpul 


resistance 
of the transistor 
which 
discharges 
Cmon when 
a 


high state is detected 
at the input. The minimum 
detectable 


pulse width can be determined 
by the following 
formula: 


PWmin = 20 Cmon (seconds) 
• 


LM2990 
Negative Low Dropout Regulator 


General Description 


The LM2990 
is a three-terminal, 
low dropout, 
1 ampere 
neg- 
ative 
voltage 
regulator 
available 
with fixed 
output 
voltages 


of -5, 
-5.2, 
-12, 
and 
-15V. 


The LM2990 
uses new circuit 
design 
techniques 
to provide 


low dropout 
and low quiescent 
current. 
The dropout 
voltage 


at 1A load current 
is typically 
0.6V and a guaranteed 
worst- 


case 
maximum 
of 1V over the entire operating 
temperature 


range. 
The quiescent 
current 
is typically 
1 mA with 
1A load 


current 
and an input-output 
voltage 
differential 
greater 
than 


3V. A unique 
circuit 
design 
of the internal 
bias supply 
limits 


the quiescent 
current 
to only 9 mA (typical) when the regula- 
tor is in the dropout 
mode (VOUT - 
VIN ,;:; 3V). Output 
volt- 


age accuracy 
is guaranteed 
to ± 5% over load, and temper- 


ature ex1remes. 


The 
LM2990 
is short-circuit 
proof, 
and 
thermal 
shutdown 


includes 
hysteresis 
to enhance 
the reliability 
of the device 


when 
overloaded 
for 
an 
ex1ended 
period 
of 
time. 
The 


LM2990 
is available 
in a 3-lead TO-220 
package 
and is rat- 


ed for operation 
over the automotive 
temperature 
range 
of 
-40'C 
to + 125·C. 


• 
5% output 
accuracy 
over entire 
operating 
range 


• 
Output 
current 
in excess 
of 1A 


• 
Dropout 
voltage 
typically 
0.6V at 1A load 


• 
Low quiescent 
current 


• 
Internal 
short 
circuit 
current 
limit 


• 
Internal 
thermal 
shutdown 
with hysteresis 


• 
Functional 
complement 
to the LM2940 
series 


Applications 


• 
Post switcher 
regulator 


• 
Local, 
on-card, 
regulation 


• 
Battery 
operated 
equipment 


c •• 
o 
10 }IF 


Regulated 
Output 


·Required 
if the regulator 
is located 
further than 
6 inches from the power supply filter capacitors. 
A 1 IJ.F solid tantalum or a 10 ,...F aluminum 
electrolytic 
capacitor 
is recommended. 


··Required 
for stability. Must be at least a 10 p.F 


aluminum 
electrolytic 
or a 1 J.LFsolid tantalum 


to maintain 
stability. 
May be increased 
without 


bound to maintain 
regulation 
during transients. 


Locate the capacitor 
as close as possible to the 
regulator. 
The 
equivalent 
series 
resistance 
(ESR) is critical, and should be less than 10n 


over the same 
operating 
temperature 
range as 


the 
regulator. 


3-Lead 
TO-220 


~~~~~~~ 


OUTPUT 


INPUT 


GROUND 


TO-263 
Surface-Mount 
Package 


TAB 
IS[I 
OUTPUT 


INPL 


INPUT 


GND 


Front 
View 


Order 
Number 
LM2990T-5.0, 
LM2990T-5.2, 
LM2990T-12 
or LM2990T-15 
See NS Package 
Number 
T038 
d_Fl. 


Side View 


Order 
Number 
LM2990S-5.0, 


LM2990S-12 
or LM2990S-15 


See NS Package 
Number 
TS38 


Temperature 
Output 
Voltage 
Package 
Range 
-5.0 
-5.2 
-12 
·15 


LM2990T-5.0 
LM2990T-5.2 
LM2990T-12 
LM2990T-15 
TO-220 


- 40'C to + 125'C 
LM2990S-5.0 
LM2990S-12 
LM2990S-15 
TO-263 
• 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 


please 
contact 
the 
National 
Semiconductor 
Sales 


Office/Distributors 
for 
availability 
and specifications. 


Input Voltage 
- 26V to + 0.3V 


ESD Susceptibility 
(Note 2) 
2 kV 


Power Dissipation 
(Note 3) 
Internally 
Limited 


Junction 
Temperature 
(TJmaxl 
12S·C 


Storage 
Temperature 


Lead Temperature 
(Soldering, 
10 sec.) 


-6S·C 
to + 1S0·C 


260·C 


Operating Ratings 
(Note 1) 


Junction 
Temperature 
Range (TJ) 


Maximum 
Input Voltage 
(Operational) 


- 40·C to + 12S·C 


-26V 


Electrical Characteristics 
VIN = -sv + VO(NOMj (Note 6),10 = 1A, Co = 47 /LF, unless otherwise 
specified. 


Boldface limits apply over the entire operating 
temperature 
range, 
- 40·C ,;; TJ ,;; 12S·C, all other limits apply for TJ = 2S·C. 


LM2990-5.0 
LM2990-5.2 


Units 
Parameter 
Conditions 
Typ 
Limit 
Typ 
Limit 
(Limit) 


(Note 
4) 
(Note 
5) 
(Note 
4) 
(Note 
5) 


Output Voltage 
(VO) 
SmA,;; 
10';; 
1A 
-4.90 
-S.10 
V (max) 


-S.10 
-S.30 
V (min) 


-S 
-S.2 
V 


SmA';; 
10';; 
1A 
-4.75 
-4.94 
V (max) 


-5.25 
-5.46 
Vlminl 


Line Regulation 
10 = SmA, 
4 
40 
4 
40 
mV(max) 


VO(NOM) -W 
> VIN > -26V 


Load Regulation 
SOmA';; 
10';; 
1A 
1 
40 
1 
40 
mV(max) 


Dropout 
Voltage 
10 = 0.1A, !lVo';; 
100 mV 
0.1 
0.3 
0.1 
0.3 
V (max) 


10 = 1A, !lVo 
,;; 100 mV 
0.6 
1 
0.6 
1 
V (max) 


Quiescent 
Current 
(Iq) 
10';; 
1A 
1 
S 
1 
S 
mA(max) 


10 = 1A, VIN = VO(NOM) 
9 
SO 
9 
SO 
mA(max) 


Short Circuit Current 
RL = 10 (Note 7) 
1.8 
1.S 
1.8 
1.S 
A (min) 


Maximum 
Output 
Current 
(Note 7) 
1.8 
1.S 
1.8 
1.S 
A (min) 


Ripple 
Rejection 
V,ipple = 1 V,ms, 
S8 
SO 
S8 
SO 
dB (min) 


friPple = 1 kHz, 10 = SmA 


Output 
Noise Voltage 
10 Hz-100 
kHz, 10 = SmA 
2S0 
7S0 
2S0 
7S0 
/LV (max) 


Long Term Stability 
1000 Hours 
2000 
2000 
ppm 


Electrical Characteristics 
VIN = -5V 
+ VO(NOM) (Note 6),10 = lA, Co = 47 J.LF,unless otherwise 
specified. 
Boldface limits apply over the entire operating 
temperature 
range, 
- 40'C 
:S:TJ :S:l25'C, 
all other limits apply for TJ = 25'C. 


(Continued) 


LM2990-12 
LM2990-15 
Units 
Parameter 
Conditions 
Typ 
Limit 
Typ 
Limit 
(Limit) 


(Note 
4) 
(Note 
5) 
(Note 
4) 
(Note 
5) 


Output Voltage 
(Va) 
5 mA:S: 10:S: lA 
-11.76 
-14.70 
V (max) 


-12.24 
-15.30 
V (min) 


-12 
-15 
V 


5mA:S: 
10:S: lA 
-11.40 
-14.25 
V (max) 


-12.80 
-15.75 
V (min) 


Line Regulation 
10 = 5mA, 
6 
60 
6 
60 
mV(max) 


VO(NOM) -1V 
> VIN > -26V 


Load Regulation 
50 mA:S: 10:S: lA 
3 
50 
3 
50 
mV(max) 


Dropout 
Voltage 
10 = O.lA,I:J.VO:S: 
100 mV 
0.1 
0.3 
0.1 
0.3 
V (max) 


10 = lA,I:J.Vo 
:S:100 mV 
0.6 
1 
0.6 
1 
V (max) 


Quiescent 
Current 
(Iq) 
10:S: lA 
1 
5 
1 
5 
mA(max) 


10 = lA, VIN = VO(NOM) 
9 
50 
9 
50 
mA(max) 


Short Circuit Current 
RL = 10 (Note 7) 
1.2 
0.9 
1.0 
0.75 
A (min) 


Maximum 
Output 
Current 
(Note 7) 
1.8 
1.4 
1.8 
1.4 
A (min) 


Ripple 
Rejection 
Vripple = 1 Vrms, 
52 
42 
52 
42 
dB (min) 


fripple = 1 kHz, 10 = 5 mA 


Output 
Noise Voltage 
10 Hz-l00 
kHz, 10 = 5 mA 
500 
1500 
600 
1800 
J.LV(max) 


Long Term Stability 
1000 Hours 
2000 
2000 
ppm 


Note 1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 
intended to be functional, 
but do not guarantee 
specific perlormance 
limits. For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 


Note 2: Human body model, 100 pF discharged 
through a 1.5 kfi resistor. 


Note 3: The maximum power dissipation is a function of TJmax. (JJA, and TA. The maximum allowable power dissipation at any ambient temperature 
is Po = (TJmax 
- 
T/J19JA· 
If this dissipation 
is exceeded, 
the die temperature 
will rise above 
125"C, and the LM2990 
will eventually 
go into thermal 
shutdown 
at a TJ of 
approximately 
16O"C. For the LM2990, the junction·to-ambient 
thermal resistance, 
is 5'J"C/W, 7'J"C/W for the TO-263, and the junction-to-case 
thermal resistance 
is 3"C. If the TO-263 package is used, the thermal resistance can be reduced by increasing the P.C. board copper area thermally connected 
to the package. Using 


0.5 square inches of copper area, 9JA is 50"C/W; 
with 1 square inch of copper area. 9JA is 37"C/W; 
and with 1.6 or more square inches of copper area, 9JA is 


3ZOC/W. 


Note 4: Typicals are at TJ = 25"C and represent the most likely parametric 
norm. 


Note 5: Limits are guaranteed 
and 100% production 
tested. 


Note 6: VO(NOM)is the nominal(typical)regulatoroutputvoltage, -5V, -5.2V. -12Vor 
-15V. 


Note 7: The short circuit current is less than the maximum output current with the -12V 
and -15V 
versions due to internal fold back current limiting. The - 5V and 


- 5.2V versions, 
tested with a lower input voltage, 
does not reach the foldback 
current 
limit and therefore 
conducts 
a higher short circuit current 
level. If the 


LM2990 output is pulled above ground. the maximum allowed current sunk back into the LM2990 is 1.5A. 


Definition 
of Terms 


Dropout 
Voltage: 
The 
input-output 
voltage 
differential 
at 
Load 
Regulation: 
The 
change 
in 
output 
voltage 
for 
a 
which 
the circuit 
ceases 
to regulate 
against 
further 
reduc- 
change 
in load current 
at constant 
chip temperature. 


tion in input voltage. 
Measured 
when the output 
voltage 
has 
Long 
Term 
Stability: 
Output 
voltage 
stability 
under 
accel- 


dropped 
100 mV from the nominal 
value obtained 
at (Va + 
lerated 
Iife·test 
conditions 
after 
1000 hours 
with 
maximum 


5V) input, 
dropout 
voltage 
is dependent 
upon 
load current 
rated voltage 
and junction 
temperature. 


and junction 
temperature. 
Output 
Noise 
Voltage: 
The rms AC voltage 
at the output, 


Input 
Voltage: 
The 
DC voltage 
applied 
to the input term i- 
with 
constant 
load 
and 
no input 
ripple. 
measured 
over 
a 
nals with respect 
to ground. 
specified 
frequency 
range. 


Input-Output 
Differential: 
The voltage 
difference 
between 
Quiescent 
Current: 
That 
part of the positive 
input current 
the unregulated 
input voltage 
and the regulated 
output 
volt- 
that 
does 
not contribute 
to the 
positive 
load 
current. 
The 
age for which 
the regulator 
will operate. 
regulator 
ground 
lead current. 


Line 
Regulation: 
The 
change 
in 
output 
voltage 
for 
a 
Ripple 
Rejection: 
The ratio of the peak-to-peak 
input ripple 
change 
in the input voltage. 
The measurement 
is made un· 
voltage 
to the peak-to-peak 
output 
ripple voltage. 
der 
conditions 
of 
low 
dissipation 
or by using 
pulse 
tech- 
Temperature 
Stability 
of 
Yo: 
The 
percentage 
change 
in 
niques such that the average 
chip temperature 
is not signifi- 
output 
voltage 
for a thermal 
variation 
from 
room 
tempera- 
cantly 
affected. 
ture to either temperature 
extreme. 
• 


LMilllllU-O.U ana LM2990-5.2 


Dropout 
Voltage 
Normalized 
Output 
Voltage 
Quiescent 
Current 


\.0 
1.010 
'0 
I 
I 
1.008 


0.8 
I 
I 
1.006 
.- 
8 
II 


> 
I 
I 
1.0~ 
~ 
1\10 
- 
lA 


~ 
0.6 
TJ - 
125°C 


1.002 
- 


z 
6 
II 


§; 


TJ = 25'C,tA 


1.000 
:> 
.~ 
~ 
u 


:> 
0.' 
0.998 
z 
• 
l< 
...:::;-r 
= -.O'C 
0.996 
u 
10"10 
~ 
J 
I I 
~ 
..{' 


0.2 


..&Ii"" 
I 
I 


0.994 
g 
2 
h 
- 
0.992 


O~ 
I I 
0.990 
0 
0 
0.2 
0.' 
0.6 
0.8 
1.0 
-'0 
-10 
20 
50 
80 
110125 
0 
-5 
-10 
-15 
-20 
-25 
-30 


OUTPUT 
CURRENT 
(A) 
JUNCTION 
TEMPERATURE, 
TJ 
('c) 
'NPUT VOLTAGE (V) 


LM2990-12 
LM2990-15 
LM2990-5 
and LM2990-5.2 


Quiescent 
Current 
Quiescent 
Current 
Low Voltage 
Behavior 


'0 
, 
10 
-6 


I 
'0 =.:.:- 
I 


- 
10 = 
1A- 
.- 
8 
~ 
8 
.-- 
-5 
10 = 
lA 
~ 
I 
~ 
I 
> 
z 
I 
z 
il 
-. 
~ 
6 
6 
~ 
:> 
:> 
'::; 
-3 
u 
u 
§; 


z 
• 
10 = 
lO~A 
z 
• 
10 = 
10~A 
:> 
/' 


1:] 
u 
-2 


I 
I I 
~ 
:> 
g 
2 
g 
2 
0 


I 
I 


-1 
) 


0 
I 
I 
0 
0 
0 
-5 
-10 
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-20 
-25 
-30 
0 
-5 
-10 
-15 
-20 
-25 
-30 
0 
-, 
-2 
-3 -. 
-5 
-6 
-7 


,NPUT VOLTAGE (V) 
INPUT 
VOLTAGE 
(v) 
INPUT 
VOLTAGE 
(v) 


LM2990-5 
and LM2990-5.2 
LM2990-5 
and LM2990-5.2 
LM2990-12 
and LM2990-15 


Line Transient 
Response 
Load Transient 
Response 
Low Voltage 
Behavior 


-18 
I 
~"2996T-15 
E 
0 


Co = '7", 
1 
Co = 47 JlF 


10 = 
100mA 
/ 
f 


TJ = 25°C 
-15 
10 = 
lA 


u 
~ 
> 
A 
z.. 
-12 
z 
-, 
0 
u 
u 
~ 
/ 


lW2990T-l 
'::; 
-9 
w_ 
§; 
'> 
u> 
/ 
~ 
50 
~~ 
50 
:> 
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~ 
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~ 
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T'"E 
(".) 
TI"E 
(".) 
'NPUT VOLTAGE (V) 


LM2990-12 
and LM2990-15 
LM2990-12 
and LM2990-15 
Line Transient 
Response 
Load Transient 
Response 


1 
Co = 
47 
JJF 
u_ 
0<- 


Co = 41 ", 
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~2:- 
10 = 
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5w 
~ 
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50 


z 
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TLIH/10801-3 


LM2990-S and LM2990-S.2 
Ripple Rejection 
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80 
~ 
" 
.5- 
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LM2990-12 and LM2990-1S 
Ripple Rejection 
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LM2990-S and LM2990-S.2 
Output Impedance 


LM2990-12 and LM2990-1S 
Output Impedance 


-- 
.•••.•......•..•.. 


2.0 


1.8 


3: 
z 
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~ ,.. 
u~ 
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~ 
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I 
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~-VOUT=-5V 
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-21V 
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JUNCTION 
TEl.iPERATURE, 
TJ (Oe) 


Maximum Power Dissipation 
(TO-263) (See Note 3) 
Maximum Power 
Dissipation (TO-220) 
2. 


2' 
INfiNITE 
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TEIllPERATURE, 
TJ 
(OC) 


o 
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At.lBIENT 
TEl.IPERATURE 
(OC) 


Post Regulator 
for an Isolated 
Switching 
Power Supply 


+ 12V 
INPUT 


+.I 10 pF 
+VIN 
SW 
CO~P 
L1l2577- 
ADJ 
FB 
1.6k 


150 
+ 
+ 4.7 
100 
.I pF 
- 
- 
- 


Fixed Current 
Sink 


CO~~ON 


GND 
I=~ 
R 
V1N 
LM2990-5.0 
Your 
-24V 


I1N 
Co 


10PF~ 
10PF~ 


TLiH/l0801-7 


Adjustable 
Current 
Sink 


CO~~ON 


V1N 
-24V 
LM2990-5.0 


I1N 
Co 


10PF~ 
10PF~ 


Application 
Hints 


EXTERNAL 
CAPACITORS 


The LM2990 
regulator 
requires 
an output 
capacitor 
to main- 
tain stability. 
The capacitor 
must be at least 10 /LF aluminum 
electrolytic 
or 1 /LF solid 
tantalum. 
The output 
capacitor's 
ESR must be less than 
1Of!., or the zero added 
to the regu- 
lator 
frequency 
response 
by the 
ESR 
could 
reduce 
the 
phase 
margin, 
creating 
oscillations 
(refer 
to the 
graph 
on 
the right). An input capacitor, 
of at least 1 /LF solid tantalum 
or 10 /LF aluminum 
electrolytic, 
is also needed 
if the regula- 
tor is situated 
more 
than 
6" 
from 
the 
input 
power 
supply 
filter. 


Output 
Capacitor 
ESR 
20 


10 


FORCING 
THE OUTPUT 
POSiTIVE 


Due to an internal 
clamp 
circuit, 
the LM2990 
can withstand 
positive 
voltages 
on its output. 
If the voltage 
source 
pulling 
the 
output 
positive 
is DC, the 
current 
must 
be limited 
to 
1.5A. A current 
over 
1.5A fed back 
into the 
LM2990 
could 
damage 
the device. 
The LM2990 
output 
can also withstand 
fast 
positive 
voltage 
transients 
up to 26V, without 
any cur- 
rent limiting 
of the source. 
However, 
if the transients 
have a 
duration 
of over 1 ms, the output 
should 
be clamped 
with a 
Schottky 
diode to ground. 
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LM2991 Negative Low Dropout Adjustable Regulator 


General Description 


The LM2991 
is a low dropout 
adjustable 
negative 
regulator 


with 
a output 
voltage 
range 
between 
-2V 
to 
-25V. 
The 


LM2991 
provides 
up to 1A of load current 
and features 
a 


on/Off 
pin for remote 
shutdown 
capability. 


The LM2991 
uses new circuit 
design 
techniques 
to provide 


a low dropout 
voltage, 
low quiescent 
current 
and low tem- 


perature 
coefficient 
precision 
reference. 
The dropout 
volt- 
age at 1A load current 
is typically 
O.6V and a guaranteed 


worst-case 
maximum 
of 1V over the entire 
operating 
tem- 


perature 
range. The quiescent 
current 
is typically 
1 mA with 


a 1A load 
current 
and 
an input-output 
voltage 
differential 


greater 
than 3V. A unique 
circuit 
design 
of the internal 
bias 


supply 
limits 
the 
quiescent 
current 
to only 
9 mA 
(typical) 


when 
the 
regulator 
is in the 
dropout 
mode 
(VOUT - 
VIN 


,;; 3V). 


The 
LM2991 
is short-circuit 
proof, 
and 
thermal 
shutdown 


includes 
hysteresis 
to enhance 
the reliability 
of the device 


when 
inadvertently 
overloaded 
for extended 
periods. 
The 


LM2991 
is available 
in a 5-lead TO-220, 
TO-263, 
and is rat- 
ed for operation 
over the automotive 
temperature 
range 
of 


-40'C 
to + 125'C. 


Features 


• 
Output 
voltage 
adjustable 
from 
- 2V to - 25V 


• 
Output 
current 
in excess 
of 1A 


• 
Dropout 
voltage 
typically 
O.6V at 1A load 


• 
Low quiescent 
current 


• 
Internal 
short 
circuit 
current 
limit 


• 
Internal 
thermal 
shutdown 
with 
hysteresis 


• 
TTL, CMOS 
compatible 
ON/OFF 
switch 


• 
Functional 
complement 
to the LM2941 
series 


Applications 


• 
Post switcher 
regulator 


• 
Local, 
on-card, 
regulation 


• 
Battery 
operated 
equipment 


5-Lead 
TO-220 
Straight 
Leads 
~o 
====:E ~;;~;~ 
=====: 2- On/Off 
==== 
1- Adjust 


TL/H/11260-9 


Front 
View 
Order 
Number 
LM2991T 
See NS Package 
Number 
T05A 


5-Lead 
TO-220 
Bent, Staggered 
Leads 
:,-"".. 
,- "'""' 
3- Input 
2- On/Off 
1- Adjust 


TUH/11260-2 


Front 
View 
Order 
Number 
LM2991T 
Flow LB03 
See NS Package 
Number 
T05D 


T0263 
5-Lead 
Surface-Mount 
Package 


TAB IS 
[] 
5- 
OUTPUT 


INPUT 
4- 
GROUND 
L 
3- 
INPUT 


2- ON/OFF 


1- 
ADJUST 


J_~ 


Side View 
Order 
Number 
LM2991S 
See NS Package 
Number 
TS5B 


Absolute Maximum Ratings 
(Note 1) 
If MIlitary/Aerospace 
specified devices are required, 
Storage 
Temperature 
Range 
- 6S'C to + 1S0'C 
please 
contact 
the 
National 
Semiconductor 
Sales 
Lead Temperature 
(Soldering, 
10 sec.) 
230'C 
Office/Distributors for availability and specifications. 


Input Voltage 
-26Vto 
+0.3V 
Operating Ratings 
(Note 1) 


ESD Susceptibility 
(Note 2) 
2kV 
Junction 
Temperature 
Range (TJ) 
- 40'C to + 12S'C 


Power Dissipation 
(Note 3) 
Internally 
limited 
Maximum 
Input Voltage 
(Operational) 
-26V 


Junction 
Temperature 
(TJmax) 
12S'C 


Electrical Characteristics 
VIN = -10V, 
Vo = -3V,lo 
= 1A, Co = 47 /LF, R1 = 2.7k, TJ = 2S'C, unless 
otherwise 
specified. 
Boldface limits apply over the entire operating 
junction 
temperature 
range. 


Parameter 
Conditions 
Typical 
Mln 
Max 
Units 
(Note 4) 


Reference 
Voltage 
SmA,;; 
10';; 
1A 
-1.210 
-1.234 
-1.186 
V 


SmA,;; 
10';; 
1A, 
-1.27 
-1.15 
V 


Vo - 
1V ~ VIN ~ 
-26V 


Output Voltage 
-2 
-3 
V 


Range 
VIN = -26V 
-2S 
-24 
V 


Line Regulation 
10 = SmA, 
Vo - 
1V ~ VIN ~ 
-26V 
0.004 
0.04 
%N 


Load Regulation 
SOmA';; 
10';; 
1A 
0.04 
0.4 
% 


Dropout 
Voltage 
10 = 0.1A, fJ.Vo';; 
100 mV 
0.1 
0.2 
V 
0.3 


10 = 1A. fJ.Vo ,;; 100 mV 
0.6 
0.8 
V 
1 


Quiescent 
Current 
10';; 
1A 
0.7 
5 
mA 


Dropout 
Quiescent 
VIN = Vo, 10 ,;; 1A 
16 
50 
mA 
Current 


Ripple Rejection 
Vripple = 1 Vrms. 'ripple = 1 kHz. 
60 
SO 
dB 
10 = SmA 


Output 
Noise 
10Hz 
- 
100 kHz. 10 = S mA 
200 
4S0 
/LV 


ON/OFF 
Input 
(VOUT:ON) 
1.2 
0.8 
V 
Voltage 
(VOUT: OFF) 
1.3 
2.4 


ON/OFF 
Input 
VOO/OFF = 0.8V (VOUT: ON) 
0.1 
10 


/LA 
Current 
VOO/OFF = 2.4V (VOUT: OFF) 
40 
100 


Output 
Leakage 
VIN = -26V, 
VOO/OFF = 2.4V 
60 
2S0 
/LA 
Current 
VOUT = OV 


Current 
Limit 
VOUT = OV 
2 
1.S 
A 


Note 
1: Absolute 
Maximum 
Ratings indicate 
limits beyond which damage 
to the device 
may occur. Operating 
Ratings indicate conditions 
for which the deivce is 
intended 
to be functional. 
but do not guarantee 
specific performance 
limits. For guaranteed 
specrticatk>ns and test conditions, 
see the Electrical 
Characteristics. 


Note 
2: Human 
body model, 100 pF discharged 
through a 1.5 kO resistor. 


Note 
3: The maximum 
power dissipation is a function of TJmax. 8JA and TA. The maximum allowable 
power dissipation at any ambient temperature 
is Po = (TJmax 


- 
TAJI8JA. If this dissipation 
is exceeded, 
the die temperature 
wHl rise above 
125°C and the LM2991 
will go into thermal shutdown. 
For the LM2991, the junction- 
to·ambient 
thermal 
resistance 
is 5SOC/W for the TD-220, 
7SOC/W for the TO-263, 
and junction·to·case 
thermal 
resistance 
is ~C. 
If the TO·263 
package 
is used, 
the thermal resistance 
can be reduced by increasing the PC board copper area thermally connected 
to the package. 
Using 0.5 square inches of copper area, 8JA is 
5CYC/W; with 1 square inch of copper area, 8JA is 3T'C/W; 
and with 1.6 or more square inches of copper area, 8JA is 3'Z'C/W. 


Note 
4: Typicals 
are at TJ = 25°C and represent 
the most likely parametric 
norm. 


Typical Performance 
Characteristics 


Dropout 
Voltage 
Normalized 
Output 
Voltage 
Output .voltage 


1.0 
1.010 
-25 


'0 =~. 1A 
110=-2:/ 
I 
I 
I 
I 
1.008 
I I 
I 
I 
~ 
0.8 
< 
'.006 
-20 
> 
I 
TJ = 150°C 
~ 
> 
/ 
1.004 
~ 
0.6 
TJ - 25°C 
1.002 
~ 


-IS 
< 
~ 
" 
/ 
~ 
1/ 
" 
1.000 
- 
/ 
0 
../ 


" 
0.' 
0 
0.998 
" 


-10 
/ 
i 


~ 
N 
0.996 
~ 


&l 
TJ = -55°C 
i 
" 
0.2 
0.994 
0 
-5 
Yo - 
-31/ 
~l?' 
I 
I 
'i 
0.992 
( 
0/ 
I 
I 
0.990 
0 
0 
0.2 
0.' 
0.6 
0.8 
1.0 
-40 
-10 
20 
SO 
80 
1\0 
140 
0 
-5 
-10 
-15 
-20 
-25 


OUTPUT 
CURRENT 
(A) 
JUHCTlON 
TEWPERAYURE, 
TJ 
(ee) 
INPUT 
VOLTAGE 
(v) 


Output 
Noise Voltage 
Quiescent 
Current 
Maximum 
Output 
Current 
1000 
10 
3 
TJ = 25°C 
I 
VA - -51/ 
TJ = 25°C 
> 
to=SmA 
I 
TJ = 25°C 


::; 
lQ ....l00kHz 
< 
8 
10 = 
1.A. 
.s 
< 
~ 
z 
z 
2 
c; 
V 
~ 


6 
~ 
~ 
-- 
500 
/ 
" 
.......1"---. 
~ 
u 
i'i 
z 
• 
" 
V 
1:J 
V,lo= 
100mA - 
- 
~ 
I 
" 
" 
~ 
g 
2 
0 
" 
I 
I - 


0 


0 
0 
I 
I 
0 
0 
-5 
-10 
-'5 
-20 
-25 
0 
-5 
-'0 
-'5 
-20 
-25 
-30 
0 
-5 
-'0 
-'5 
-20 
-25 
-30 


OUTPUT VOLTAGE (V) 
INPUT VOLTAGE (V) 
INPUT -OUTPUT 
D1FFTR£NTIAL 
(II) 


Line Transient 
Response 
Load Transient 
Response 
Maximum 
Output 
Current 


Co -'7 
I'F 
Co -.7 
I'F 
2.0 


> 
0 
10 = 100 
mA 
z_ 
, 
TJ = 25°C 
~< 
Yo = 511 
~- 
VA = 511 
1.8, 
~~ 
~i 
VOUT,=-5V, 
~ 
,,~ 
< 
Uz 
< -, \. 
0< 
1.6 
z 
<z 
a 
z 
U 
'3u 
~ ,.. 
V1H -VOUT 
= -loV 
" 
> 
~> 
u 
V,H-VOUy=-1SV 
- 
.s 
50 
;.5- 
50 
" 
1.2 
z 
0 
~~ 
0 
" 
0 
0 
V1N-I/OUy=-21V 
'.;i 
~;= 
"< 
1.0 
~ -50 
~:> -50 
- 
,,~ 
00 
0.8 
0 
20 
.0 
60 
80 
'00 
a 
20 
.0 
60 
80 
'00 
-'0 
-'a 
20 
50 
80 
110 125 


TI.E 
(1'.) 
TI.E 
(1',) 
JUNCTIOH 
TEWPERATURE, 
TJ 
(ee) 


Ripple Rejection 
Output 
Impedance 


90~ I 


1k 
Co ='7 
I'F 
80 
10 = 5 mA- 
IO = 500 
mA 


70 
Va = 511 
~ 


VA = -51/ 
~ 
z 
60 
'00 
§ 
g 
u 
z 
50 
< 
0 
:;] 
.0 


'" 
" 
30 
" 
'0 
~ 
~ 
., 
20 
" 
0 


'0 


0 
, 


'00 
1k 
'Ok 
lOOk 
,. 
'00 
'k 
'Ok 
lOOk 
,. 


FREQUENCY (Hz) 
fREQUENCY (Hz) 
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Typical Performance 
Characteristics 
(Continued) 


ON/OFF 
Control 
Voltage 
Adjust 
Pin Current 
Low Voltage 
Behavior 


5 
80 
-18 


10 = 1A 
Vo = 15V 
• 
< 
70 
-'5 
ILl 
~ 
~ 
; 


z 
-'2 
1/ 


Voi12V 
3 
~ 
60 
!;i 
~ -- 
"- 
~ 
'" 
-, 


2.' 
- 
- 
u 
1/ 
vJ - 5V 
~ 


2 
z 
50 
0: 


'" 
~ 
~ 
-6 
'" 
8 
-- 


'" 
0 
/ 
I 
1 
~ 
.0 


0.8 
- 
- 
- 
- 
-3 


J 
I 
0 
30 
0 
-50 
-10 
30 
70 
110 
150 
-'0 
-10 
20 
50 
80 
110 
140 
0 
-3 
-6 
-, 
-12 
-15 
-18 


JUNCTION 
n"'PERATURE, 
TJ (Oe) 
JUNCTION 
TEl.lPERATURE, 
TJ (Oe) 
INPUT VOLTAGE (V) 


Maximum 
Power 
Maximum 
Power 
Dissipation 


2. 
Dissipation 
(TO-220) 
(TO-263) 
(See Note 3) 


INfiNITE 
HEAT SINK 
I 


21 
9JA - 32°C/ 


~ 
18 
\ 
~ 
.~ 
I 
z 
z 
3"l 
t'-...I 
0 
15 
0 
: 
\ 
: 
9JA 
3 oc/V! 
i:j 
12 
..•..• 
100S/W 
HEAT SINK 
\ 
i:j 
I 
"'- 
" 
" 
2 


...... 


~ , 
1"-... 
~ 
~•..~~ 
~ 
~ 
6 


NO HEA! SINK "- 
\ 
~ 
1 
3 
I 1 ~. 0 
~ 
,;;::::.: 


0 
I 
I 
0 
I 
TJA-73IC/r- 


-'0 
-10 
20 
50 
80 
110 
140 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90100 


JUNCTION 
TEJ,lPERATURE, 
TJ 
(Oe) 
.• WSIENT 
TENPERAYURE 
(Oe) 
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fII 


Application 
Hints 


EXTERNAL 
CAPACITORS 


The LM2991 
regulator 
requires 
an output 
capacitor 
to main- 


tain stability. 
The capacitor 
must be at least 10 fLF aluminum 


electrolytic 
or 1 fLF solid 
tantalum. 
The output 
capacitor's 
ESR must be less than 
100, 
or the zero added 
to the regu- 
lator 
frequency 
response 
by the 
ESR 
could 
reduce 
the 
phase 
margin, 
creating 
oscillations. 
The shaded 
area in the 
Output 
Capacitor 
ESR 
graph 
indicates 
the 
recommended 
ESR range. An input capacitor, 
of at least 
1 fLF solid tanta- 


lum or 10 fLF aluminum 
electrolytic, 
is also 
needed 
if the 
regulator 
is situated 
more than 6 inches from the input pow- 
er supply 
filter. 


MINIMUM 
LOAD 


A minimum 
load 
current 
of 500 
fLA is required 
for proper 
operation. 
The external 
resistor 
divider can provide 
the mini- 


mum load, with the resistor 
from the adjust pin to ground 
set 
to 2.4 kO. 


SETTING 
THE OUTPUT 
VOLTAGE 


The 
output 
voltage 
of the 
LM2991 
is set 
externally 
by a 
resistor 
divider and the adjust pin current 
using the following 


equation: 


VOUT = VREF • (1 + R2/R1) 
- 
IADJ' R2 


where 
VREF = - 
1.21V. 
The output 
voltage 
can 
be pro- 
grammed 
within 
the range of -2V 
to -25V. 
The adjust 
pin 


current 
is about 
60 nA, causing 
a slight 
error 
in the output 


voltage. 
However, 
using resistors 
lower than 
100 kO makes 
the 
adjust 
pin current 
negligible. 
For example, 
neglecting 
the adjust 
pin current, 
and setting 
R2 to 100 kO and VOUT 


to -5V, 
results 
in an output 
voltage 
error of only 0.16%. 


ON/OFFPIN 


The LM2991 
regulator 
can be turned 
off by applying 
a TTL 


or CMOS 
level high signal to the ON/OFF 
pin (see Current 
Sink Application). 


-Required 
if the regulator 
is located 
further than 6 inches from the power 
supply filter capacitors. 
A 1 J.LFsolid tantalum 
or a 10 J.LFaluminum 
electro· 
lytic capacitor 
is recommended. 


"'Required 
for stability. Must be at least a 10 J.LFaluminum 
electrolytic 
or a 


1 J.LFsolid tantalum 
to maintain 
stability. May be increased 
without 
bound to 


maintain 
regulation 
during transients. 
Locate 
the capacitor 
as close as possi- 


ble to the regulator. 
The equivalent 
series resistance 
(ESR) 
is critical, and 
should be less than 10n over the same operating 
temperature 
range as the 


regulator. 


I 
I 


..... 
'. 
'. 
........... 
........... ........... 
.......... 
....:....:....:..• ...:....:....:.... ...:....:....:..... ..;....;....;....;~ 
fYPAN{-:;:.-:.rW/?:b\%:1 
=I 


'.' 
'. 
........... 
...... ..... ............ 
........... 


..:....:....:....:. .;....;....;....;.].;....;....;....;..:....:....:....:... 


:~.:::::.':;:::~}y/::.-:.t?XX :~~:~::~)~. 


'. '. '. 
'. '. '. '. '. '. '.'. '. '. '. 
........... 
........... 
........... 
........... 


0.25 
0.5 
0.75 
1.0 


OUTPUT 
CURRENT 
(A) 


FORCING 
THE OUTPUT 
POSITIVE 


Due to an internal 
clamp 
circuit, 
the LM2991 
can withstand 
positive 
voltages 
on its output. 
If the voltage 
source 
pulling 
the 
output 
positive 
is DC, the 
current 
must 
be 
limited 
to 
1.5A. A current 
over 
1.5A fed back 
into the LM2991 
could 
damage 
the device. 
The LM2991 
output 
can also withstand 
fast positive 
voltage 
transients 
up to 26V, without 
any cur- 
rent limiting of the source. 
However, 
if the transients 
have a 
duration 
of over 
1 ms, the output 
should 
be clamped 
with a 
Schottky 
diode to ground. 


Typical Applications 
(Continued) 


Fully Isolated 
Post·Switcher 
Regulater 


• 12Y INPUT 
.10Y 


IN5818 
@ 250mA 


IN 
lM2941 
OUT 


• 
• 
I 


10Pf 
:2 
.Y1N 
470 pf 
ADJ 
1.76k 


SW 
22 pf 


CO~P 
lM2577- 
IN5818 
ADJ 
1.6k 
240 
fB 


150 
Comm . 


• 
• 
100 
20pf I 
I 


4 
. 
7Pf 
OND 
240 


50 pf 
- 
- 
• 
470 pf 
ADJ 
1.76k 


IN 
lM2991 
OUT 
INS818 
-10Y 
@ 250 mA 
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c;N 


10pf 
~ 
• 


t!JNational 
Semiconductor 


LM3420-4.2, -8.4, -12.6 
Lithium-Ion Battery Charge Controller 


General Description 


The LM3420 
series 
of controllers 
are monolithic 
integrated 


circuits 
designed 
for charging 
and end-of-charge 
control 
for 


Lithium-Ion 
rechargeable 
batteries. 
The LM3420 
is available 
in three 
fixed 
voltage 
versions 
for one, 
two, 
or three 
cell 


charger 
applications 
(4.2V, 8.4V, and 12.6V respectively). 


Included 
in a very small 
package 
is an (internally 
compen- 
sated) 
op amp, a bandgap 
reference, 
an NPN output 
tran- 
sistor, and voltage 
setting 
resistors. 
The amplifier's 
inverting 


input is externally 
accessible 
for loop frequency 
compensa- 
tion. The output 
is an open-emitter 
NPN transistor 
capable 


of 
driving 
up 
to 
15 
mA 
of 
output 
current 
into 
external 


circuitry. 


A trimmed 
precision 
bandgap 
reference 
utilizes temperature 


drift curvature 
correction 
for excellent 
voltage 
stability 
over 


the operating 
temperature 
range. Available 
with an initial tol- 


erance 
of 0.5% 
for the 
A grade 
version, 
and 
1% for the 


standard 
version, 
the 
LM3420 
allows 
for precision 
end-of- 


charge 
control 
for Lithium-Ion 
rechargeable 
batteries. 


The LM3420 
is available 
in a sub-miniature 
5-lead SOT23-5 


surface 
mount 
package 
thus 
allowing 
very 
compact 
de- 


signs. 


Features 


• 
Voltage 
options 
for charging 
1, 2, or 3 cells 


• 
Tiny SOT23-5 
package 
• 
Precision 
(0.5%) 
end-of-charge 
control 


• 
Drive capability 
for external 
power 
stage 


• 
Low quiescent 
current, 
85 J.'A (typ.) 


Applications 


• 
Lithium-Ion 
battery 
charging 


• 
Suitable 
for 
linear 
and 
switching 
regulator 
charger 
de- 


signs 


Input 
Voltage 


+ 13V to 
+20V 


Typical 
Constant 
Current/Constant 
Voltage 
Li·lon Battery 
Charger 


(-) 
GND 
RI• 75k 
lor 
'.2V 


181k 
for 
8."V 
287k 
for 
12.6V 
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LM3420 
Functional 
Diagram 


5-Lead 
Small Outline 
Package 
(M5) 


Actual Size 
+INOS 
OUT 


GND 
2 


• 
3 
4 
CO~P 


For Ordering 
Information 
See Figure 
1 in this Data Sheet 
See NS Package 
Number 
MA05A 
• 


.:It:l't:l' f'\1'lI·£t;;JU 
.:lUlld\,;t:l' 
IVIVUIIUIIY 
IVIt:l'U IVU~ 
dilU 
111t:l'1I 
Cllt:l'\,;l 
Input Voltage 
V(IN) 
20V 
on 
Product 
Reliability" 
for 
methods 
on 
soldering 
surface- 


Output 
Current 
20mA 
mount 
devices. 


Junction 
Temperature 
150'C 
Operating Ratings 
(Notes 
1 and 2) 
Storage 
Temperature 
-65'C 
to + 150'C 


Lead Temperature 
Ambient 
Temperature 
Range 
-40'C:$; 
TA:$; 
+85'C 


Vapor Phase (60 seconds) 
+215'C 
Junction 
Temperature 
Range 
-40'C 
:$;TJ :$; + 125'C 


Infrared 
(15 seconds) 
+ 220'C 
Output Current 
15mA 


Power Dissipation 
(TA = 25'C) 
(Note 2) 
300mW 


LM3420-4.2 
Electrical Characteristics 
Specifications 
with standard 
type face are for TJ = 25'C, 
and those 
with boldface type apply over full Operating Tem- 
perature Range. 
Unless 
otherwise 
specified, 
V(IN) = VREG, VOUT = 1.5V. 


Typical 
LM3420A-4.2 
LM3420-4.2 
Units 
Symbol 
Parameter 
Conditions 
Limit 
Limit 
(Note 
4) 
(Note 
5) 
(Note 
5) 
(Limits) 


VREG 
Regulation 
Voltage 
lOUT = 1 mA 
4.2 
V 


4.221/4.242 
4.242/4.284 
V(max) 
4.179/4.158 
4.158/4.116 
V(min) 


Regulation 
Voltage 
lOUT = 1 mA 
±0.5/± 
1 
±1/±2 
% (max) 


Tolerance 


Iq 
Quiescent 
Current 
lOUT = 1 mA 
85 
J-LA 
110/115 
125/150 
J-LA(max) 


Gm 
Transconductance 
20 J-LA:$;lOUT ,;; 1 mA 
3.3 
mA/mV 


.6.IOUT/.6.VREG 
VOUT = 2V 
1.3/0.75 
1.0/0.50 
mA/mV(min) 


1 mA ,;; lOUT:$; 15 mA 
6.0 
mAlmV 


VOUT = 2V 
3.0/1.5 
2.5/1.4 
mAlmV(min) 


Av 
Voltage 
Gain 
1V :$;VOUT :$;VREG - 
1.2V (-1.3) 
1000 
VIV 


.6.VOUT/.6.VREG 
RL = 2000 
(Note 6) 
550/250 
450/200 
VIV(min) 


1V :$;VOUT :$;VREG - 
1.2V (-1.3) 
3500 
VIV 


RL = 2 kO 
1500/900 
1000/700 
VIV(min) 


VSAT 
Output Saturation 
V(IN) = VREG + 100 mV 
1.0 
V 


(Note 7) 
lOUT = 15mA 
1.2/1.3 
1.2/1.3 
V(max) 


IL 
Output 
Leakage 
V(IN) = VREG -100 
mV 
0.1 
J-LA 


Current 
VOUT = OV 
0.5/1.0 
0.5/1.0 
J-LA(max) 


RI 
Internal 
Feedback 
75 
kO 


Resistor 
(Note 8) 
94 
94 
kO(max) 


56 
56 
kO(min) 


En 
Output 
Noise 
lOUT = 1 mA, 10Hz:$; 
f :$; 10kHz 
70 
J-LVRMS 
Voltage 


LM3420-8.4 
Electrical Characteristics 
Specifications 
with standard 
type face are for TJ = 25"C, and those 
with boldface type apply 
over full Operating Tem- 
perature Range. 
Unless 
otherwise 
specified, 
V(IN) = VREG, VOUT = 1.5V. 


Typical 
LM3420A-8.4 
LM3420-8.4 
Units 
Symbol 
Parameter 
Conditions 
Limit 
limit 
(Note 
4) 
(Note 
5) 
(Note 
5) 
(Limits) 


VREG 
Regulation 
Voltage 
lOUT = 1 mA 
8.4 
V 


8.442/8.484 
8.484/8.568 
V(max) 


8.358/8.316 
8.316/8.232 
V(min) 


Regulation 
Voltage 
lOUT = 1 mA 
±0.5/ 
± 1 
±1/±2 
% (max) 
Tolerance 


Iq 
Quiescent 
Current 
lOUT = 1 mA 
85 
IJ-A 


110/115 
125/150 
IJ-A(max) 


Gm 
Transconductance 
20 IJ-A ,;; lOUT';; 
1 mA 
3.3 
mAlmV 


aIOUT/ a VREG 
VOUT = 6V 
1.3/0.75 
1.0/0.50 
mAlmV(min) 


1 mA,;; 
lOUT';; 
15mA 
6.0 
mAlmV 


VOUT = 6V 
3.0/1.5 
2.5/1.4 
mA/mV(min) 


Av 
Voltage 
Gain 
lV,;; 
VOUT';; 
VREG - 
1.2V(-1.3) 
1000 
VIV 


aVOUT/aVREG 
RL = 470fi 
(Note 6) 
550/250 
450/200 
VIV(min) 


1V ,;; VOUT ,;; VREG - 
1.2V (-1.3) 
3500 
VIV 


RL = 5 kfi 
1500/900 
1000/700 
VIV(min) 


VSAT 
Output Saturation 
V(IN) = VREG + 100 mV 
1.0 
V 


(Note 7) 
lOUT = 15mA 
1.2/1.3 
1.2/1.3 
V(max) 


IL 
Output 
Leakage 
V(IN) = VREG -100 
mV 
0.1 
IJ-A 


Current 
VOUT = OV 
0.5/1.0 
0.5/1.0 
IJ-A(max) 


Rt 
Internal 
Feedback 
181 
kfi 


Resistor 
(Note 8) 
227 
227 
kfi(max) 


135 
135 
kfi(min) 


En 
Output 
Noise 
lOUT = 1 mA, 10 Hz,;; 
f ,;; 10 kHz 


140 
IJ-VRMS 
Voltage 


• 


LM3420-12.6 
Electrical Characteristics 
Specifications 
with standard 
type face are for TJ = 25"C, and those 
with boldface 
type 
apply over full 
Operating 
Tem- 


perature 
Range. 
Unless 
otherwise 
specified. 
V(IN) = VREG. VOUT = 1.5V. 


LM3420A-12.6 
LM3420-12.6 
Units 
Symbol 
Parameter 
Conditions 
Typical 
Limit 
Limit 
(Note 
4) 
(Note 
5) 
(Note 
5) 
(Limits) 


VREG 
Regulation 
Voltage 
lOUT = 1 mA 
12.6 
V 


12.663/12.726 
12.726/12.852 
V(max) 


12.537/12.474 
12.474/12.348 
V(min) 


Regulation 
Voltage 
lOUT = 1 mA 
±0.5/ 
± 1 
±1/±2 
% (max) 


Tolerance 


Iq 
Quiescent 
Current 
lOUT = 1 mA 
85 
!-LA 


110/115 
125/150 
!-LA(max) 


Gm 
Transconductance 
20 
!-LA ,:; lOUT ,:; 1 mA 
3.3 
mAlmV 


IlIOUT/ 11VREG 
VOUT = 10V 
1.3/0.75 
1.0/0.5 
mAlmV(min) 


1 mA ,:; lOUT':; 
15 mA 
6.0 
mAlmV 


VOUT = 10V 
3.0/1.5 
2.5/1.4 
mAlmV(min) 


Av 
Voltage 
Gain 
1V,:; 
VOUT':; 
VREG - 
1.2V(-1.3) 
1000 
VIV 


11VOUT/ 11VREG 
RL = 7500. (Note 6) 
550/250 
450/200 
VIV(min) 


1V,:; 
VOUT':; 
VREG - 
1.2V(-1.3) 
3500 
VIV 


RL = 10ko. 
1500/900 
1000/700 
VIV(min) 


VSAT 
Output Saturation 
V(IN) = VREG + 100 mV 
1.0 
V 


(Note 7) 
lOUT = 15 mA 
1.2/1.3 
1.2/1.3 
V(max) 


IL 
Output 
Leakage 
V(IN) = VREG -100 
mV 
0.1 
!-LA 


Current 
VOUT = OV 
0.5/1.0 
0.5/1.0 
!-LA(max) 


Rf 
Internal 
Feedback 
287 
ko. 


Resistor 
(Note 8) 
359 
359 
ko.(max) 


215 
215 
ko.(min) 


En 
Output 
Noise 
lOUT = 1 mA. 10Hz 
,:; f ,:; 10kHz 
210 
!-LVRMS 
Voltage 


Note 
1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions 
for which the device is 


intended 
to be functional, 
but do not guarantee 
specific performance 
limrts. For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 


The guaranteed 
specifications 
apply only for the test conditions 
listed. Some performance 
characteristics 
may degrade when the device is not operated 
under the 


listed test conditions. 


Note 
2: The maximum 
power dissipation 
must be derated at elevated 
temperatures 
and is dictated 
by TJmax (maximum junction temperature), 
8JA (junction to 
ambient thermal resistance), 
and TA (ambient temperature). 
The maximum allowable power dissipation 
at any temperature 
is Pomax = (TJmax - 
TA)/8JA or the 
number given in the Absolute Maximum Ratings, whichever 
is lower. The typical thermal resistance (8J~ when soldered to a printed circuit board is approximately 
30S·C/W for the M5 package. 


Note 3: The human body model is a 100 pF capacitor discharged 
through a 1.5 kO resistor into each pin. 


Note 4: Typical numbers are at 25°C and represent the most likely parametric 
norm. 


Note 5: Limits are 100% production tested at 25°C. Limits over the operating temperature 
range are guaranteed through correlation 
using Statistical Quality Con1rol 
(SOC) methods. The limits are used to calculate 
National's 
Averaging 
Outgoing Quality Level (AOQL). 


Note 6: Actual test is done using equivalent 
current sink instead of a resistor load. 


Note 7: VSAT = V(IN) - 
VOUT, when the voltage at the IN pin is forced 100 mV above the nominal regulating voltage (VREG). 


Note 8: See Applications 
and Curves sections for information 
on this resistor. 


Typical Performance 
Characteristics 


Output 
Saturation 


Circuit 
Used for Bode Plots 
Circuit Used for Response 
Time 
Voltage 
(VSAT) 


1.2 
tV, 
tV, 
V(IN) 
= 
VREG + 
100 
mV 


5 mA + 
,., 
1'--- 
1 
I 
1k 
SlO 
> 


6VREC--... 
500 
V 
REG 


_ 


1.0 
"-- 


~ 
=_I~mA 
+ 
~ 
t---.. 
-.. 
-lc = 


10,Llf 
(+) 
'N -l Cc 
0.9 
...\~' 


~ 


~ 
I........ 
t---.. 
5 mA 


~ 


z 


f...... 


VOUT- 
lM3420 
0 
0.8 
.......• 
T 
Ull3420 
COt.lP 
~ 


t--.... 


COt.lP 
200 
0.7 


~A 
300 
(_) 
GNO 
50 
• 
(-) 
GNO 
a 
0.6 


-:.... 
--- 
0.5 
- 
-50 
-25 
0 
25 
50 
75 
'00 
'25 


JUNCTION 
TEhlPERATURE 
(Oc) 


4.2V 
Response 
Time 
Response 
Time 


Bode Plot 
for 4.2V Version 
for 4.2V Version 


60 
- - - 
T 
1 
'ov 
'ov 
-1 


50 . 
, 
5V 
Cc = 
0 pf 
5V 
Cc = 
10 nf 


" 
, 


-/~'~GA~- 
40 
, 
V, 
v, 


"- 


'" 
OV 
OV 
I 
30 
' 
I 
" 
, 
Cc = 1 


1 
°0 
pF 
> 
4V 
> 
4V 
~ 
20 
""'- 
',.t yec = 1 nF_ 
0 
~ 
2V 
VREG 
~ 
2V 
VREG 


" 
" 
I 
z 
'0 
J'o-..i 
~ 
~ 
~ 
1l 
.•..~.. 
~ 
OV 
OV 
0 
z 
1 
PHASE 
~ 


0 
,. 1.5V 
,. 1.5V 
I\. 
I 
"'-i 
.,- ... ,, 


1V 
1V 
-45 
.•.•oJ . 
.-" ~,.•. 
Your 
Your 


I 


.0 
0.5'1 
O.SV 
I 
ov 
ov 


'0 
100 
lk 
10k 
lOOk 
," 


FREQUENCY 
(Hz) 
TI"' 
(5 ",jo,v) 
TINE (2ms/OIV) 


8.4V 
Response 
Time 
Response 
Time 


Bode Plot 
for 8.4V Version 
for 8.4V Version 


60 '-. 
C, = 0 I 
I 
20V 
20V 


I 
50 
Cc 
- 
0 pF 
Cc - 
10 nF 


40 
•.•••. 
'01" 
GAIN 
I 
10V 
10V 
V, 
V, 


30 I"- 
, 
/Cc ~ 100 pF 
OV 
OV 
I 


"- 


", 'VC, 
= "r>--- 
> 
8V 
I--" 
> 
8V 
/ 


V;'G 


20 
~ 
I-'~ 
~ 
- 
"- 
IX , 
- 
" 
4V 
VREG 
" 
4V~ 
'0 
~ 
z 
'< 
" 
~ 
0 
~ 
1l 
'- 
< 
OV 
OV 
0 
z 
> 


PHASE 
0 
; 
3V 
; 
3V 


- • .1 
/' 
............ 
-45 
2V 
2V 
',,_r~ .....:......, 
I' 


-'0 
1V 
,V 


I 
OV 
Your 
OV 
Your 


10 
100 
lk 
10k 
lOOk 
'" 
FREQUENCY 
(Hz) 
TI"' 
(5 ",jOlV) 
TlWE (5 ms/DlY) 


12.6V 
Response 
Time 
Response 
Time 


Bode Plot 
for 12.6V Version 
for 12.6V Version 


60 -'. 
I 
I 


20V 
20V 
Cc - 
0 pF 
C(: - 
10 nF 


50 
" 
C 
=0 
'N+- 


'OV 
10V 
, 
e 
:CAIN 
v, 
v, 


40 
OV 
OV 


30 
"- 


, 
,/Cc= 
100pF_ 
1/ 


'" 
> 
'ov 
~t:: 


> 
'OV 


V;'G 
"' 


20 
ICc.=...!¢-- 


0 
VREG 
~ 
3 
,)< 
" 


5V 
" 


5V~ 


z 
'0 
.•...•. 1/',. , 


~ 
~ 


" 
< 
OV 
~ 


ov 
1l 
0 
z 
I' 
PHASE 
3V 
3V 
-,.1 
v 


0 
,. 
1'\ 
,. 
..•....•.• . 
2V 
2V 
, 
-45 
1'\ 
\ 
'" 
r~ 
... 
, 


I 


-'0 
1V 
'v 


ov 
Your 


OV 
"OUT 


'0 
100 
'k 
'Ok 
lOOk 
'" 
r.'OU'NCY 
(H,) 
TI"' 
(10 
",jOIV) 
TI"' 
(, 0 m,jOIV) 


TLIH/12359-5 


• 


Normalized 
Resistor 
(Rf) 


Temperature 
Drift 
Quiescent 
Current 
Tempco 


0.5 
110 
1.2 
, 
, 
/ 
~ 
0.4 
Your 
= 
1.5V 
Your 
= 
1.5V 
Normalized 
at 25°C 


0.3 


Rc = 2kn 
HO 
ppm/oC 
- 


-;- 
100 


'-' 
\ 
-3 
/ 
z 
,, 
.. 
0.2 
z 
, 
90 
1.1 
u 
, 
z 


'-' 
0.1 
, 
, 
~ 
-- 
/ 
" 
, 
~ 
;0 
0 
'" 
80 
/' 


~ 
-0.1 
...-10-" , -- 


u 
/ 
, 
r 
z 
, 
, 
u 
70 
1.0 
/' 
g -0.2 
I 
~ 


~ 
-0.3 
, 
, 
1i 
./ 
-40 ppm/oC 
.0 


~ 
-0." 
I 
I 
-0.5 
50 
0.' 
-50 
-25 
0 
25 
50 
75 
100 
125 
-50 
-25 
0 
25 
50 
75 
100 
125 
-50 
-25 
0 
25 
50 
75 
100 
125 


JUNCTION 
TEMPERATURE 
(Oe) 
JUNCTION 
TEt.lPERATURE 
(Oe) 
JUNCTION 
TEIIIPERATURE 
(Oe) 


Regulation 
Voltage 
vs 
Regulation 
Voltage 
vs 
Regulation 
Voltage 
vs 


Output 
Voltage 
and 
Output 
Voltage 
and 
Output 
Voltage 
and 


Load Resistance 
Load Resistance 
Load Resistance 


4.203 
,-- 
8.406 
12.612 


L"3420-12.~ 
I I 
lW3420-4.2 
I 
UI3420-a." 
~ 


- 
4°i 


C 
'" 


f-- 
-.ooe ...- 
- 
I 
I 
I 
i 
4202 
~ 
8.404 
> 


Rc =20on.# 
';i! 
Rc = 470nA 
~ 


'i12.60a -+--L~ 
= ~50A 


~ 
~ 
~ 0, 


1250C 


;5 
- .•ooe 
and 125OC±>o1' 


~ 
4.201 
rl 
i8.402 
7' 
~ 


- 
~ 
12.604 
- 
12Soe 
~ 


3 
£. --.;:'=2kn 
"- 
~ 
Rc - 5.1 kn 
- .•ooe 
~ 
~::::;'~Rc=10kn 
- .•ooe 


~ 
".200 
I 


~ 
8.400 
I 


~ 
12.600 
I 
I 


".199 
I 
8.398 
I 
12.596 
I 
I 


0 
1 
2 
3 
4 
5 
0 
2 
4 
• 
8 
10 
0 
2 
4 • 
8 
10 
12 
14 I. 


OUTPUT 
VOLTAGE 
(V) 
OUTPUT 
VOLTAGE 
(V) 
OUTPUT VOLTAGE(V) 
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Five Lead Surface Mount Package Information 


The small SOT23-5 
package 
allows 
only 4 alphanumeric 
characters 
to identify 
the product. 
The table 
below 
contains 
the field 


information 
marked 
on the package. 


Voltage 
Grade 
Order 
Package 
Supplied 
as 
Information 
Marking 


4.2V 
A (Prime) 
LM3420AM5-4.2 
D02A 
250 unit increments 
on tape and reel 


4.2V 
A (Prime) 
LM3420AM5X-4.2 
D02A 
3k unit increments 
on tape and reel 


4.2V 
S (Standard) 
LM3420M5-4.2 
D02S 
250 unit increments 
on tape and reel 


4.2V 
S (Standard) 
LM3420M5X-4.2 
D02S 
3k unit increments 
on tape and reel 


8.4V 
A (Prime) 
LM3420AM5-8.4 
D03A 
250 unit increments 
on tape and reel 


8.4V 
A (Prime) 
LM3420AM5X-8.4 
D03A 
3k unit increments 
on tape and reel 


8.4V 
S (Standard) 
LM3420M5-8.4 
D03S 
250 unit increments 
on tape and reel 


8.4V 
S (Standard) 
LM3420M5X-8.4 
D03S 
3k unit increments 
on tape and reel 


12.6V 
A (Prime) 
LM3420AM5-12.6 
D04A 
250 unit increments 
on tape and reel 


12.6V 
A (Prime) 
LM3420AM5X-12.6 
D04A 
3k unit increments 
on tape and reel 


12.6V 
S (Standard) 
LM3420M5-12.6 
D04S 
250 unit increments 
on tape and reel 


12.6V 
S (Standard) 
LM3420M5X-12.6 
D04S 
3k unit increments 
on tape and reel 


FIGURE 
1. sOT23·5 
Marking 


The first letter "D" 
identifies 
the part as a Driver, the next two numbers 
indicate 
the voltage, 
"02" 
for a 4.2V part. "03" 
for a 8.4V 


part and "04" 
for a 12.6V part. The fourth 
letter 
indicates 
the grade. 
"S" 
for standard 
grade, 
"A" 
for the prime grade. 


The SOT23-5 
surface 
mount 
package 
is only available 
on tape in quantity 
increments 
of 250 on tape and reel (indicated 
by the 


letters 
"M5" 
in the part number), 
or in quantity 
increments 
of 3000 on tape and reel (indicated 
by the letters 
"M5X" 
in the part 


number). 


Product Description 


The LM3420 
is a shunt regulator 
specifically 
designed 
to be 


the 
reference 
and 
control 
section 
in an overall 
feedback 


loop of a Lithium-Ion 
battery 
charger. 
The regulated 
output 


voltage 
is sensed 
between 
the IN pin and GROUND 
pin of 


the 
LM3420. 
If the 
voltage 
at the 
IN pin is less than 
the 


LM3420 
regulating 
voltage 
(VREG), the OUT pin sources 
no 


current. 
As the voltage 
at the IN pin approaches 
the VREG 


voltage, 
the OUT pin begins sourcing 
current. 
This current 
is 


then 
used 
to drive 
a feedback 
device, 
(opto-coupler) 
or a 
power 
device, 
(linear 
regulator, 
switching 
regulator, 
etc.) 
which 
servos 
the output 
voltage 
to be the same 
value 
as 


VREG· 


In some 
applications, 
(even 
under 
normal 
operating 
condi- 


tions) 
the 
voltage 
on the 
IN pin can 
be forced 
above 
the 


VREG voltage. 
In these 
instances, 
the maximum 
voltage 
ap- 


plied 
to the 
IN pin should 
not exceed 
20V. 
In addition, 
an 


external 
resistor 
may be required 
on the OUT pin to limit the 


maximum 
current 
to 20 mA. 


Compensation 


The 
inverting 
input 
of the 
error 
amplifier 
is brought 
out to 


allow overall 
closed-loop 
compensation. 
In many of the ap- 


plications 
circuits 
shown 
here, compensation 
is provided 
by 


a single 
capacitor 
(Ce> connected 
from 
the compensation 


pin 
to the 
out 
pin 
of 
the 
LM3420. 
The 
capacitor 
values 


shown 
in the 
schematics 
are adequate 
under 
most 
condi- 


tions, but they can be increased 
or decreased 
depending 
on 


the desired 
loop response. 
Applying 
a load pulse to the out- 
put of a regulator 
circuit 
and observing 
the resultant 
output 


voltage 
response 
is an easy method 
of determining 
the sta- 


bility of the control 
loop. 


Analyzing 
more complex 
feedback 
loops requires 
additional 


information. 


The formula 
for AC gain at a frequency 
(f) is as follows; 


Gain (f) = 1 + Zt(f) 
Rt 


where 
Rt ::::: 75 kfl 
for the 4.2V part, Rt ::::: 181 kfl 
for the 


8.4V part and Rt :::::287 kfl 
for the 12.6V part. 


The resistor 
(Rt) in the formula 
is an internal 
resistor 
located 


on the 
die. Since 
this 
resistor 
value 
will affect 
the 
phase 


margin, 
the worst 
case 
maximum 
and minimum 
values 
are 


important 
when 
analyzing 
closed 
loop 
stability. 
The 
mini- 


mum and maximum 
room temperature 
values of this resistor 


are specified 
in the Electrical 
Characteristics 
section 
of this 


data sheet, and a curve showing 
the temperature 
coefficient 


is shown 
in the curves 
section. 
Minimum 
values 
of Rt result 
in lower phase 
margins. 


The test circuit 
shown 
in Figure 2 can be used to measure 


and verify 
various 
LM3420 
parameters. 
Test conditions 
are 


set by forcing 
the appropriate 
voltage 
at the VOUT Set test 


point and selecting 
the appropriate 
RL or lOUT as specified 


in the Electrical 
Characteristics 
section. 
Use a DVM at the 
"measure" 
test points 
to read the data. 


Measure 


VREG 


LM3420 


"'----- 
Device 


Under 
Test 


10 pF 
R3 


C2 


511- 


R4 
100 
Measure 


10 


100 !'A!V 
• 


VREG External Voltage Trim 


The regulation 
voltage 
(VREG) of the LM3420 
can be exter- 
nally trimmed 
by adding 
a single 
resistor 
from 
the CaMP. 
pin to the + IN pin or from 
the CaMP. 
pin to the GND pin, 


depending 
on the desired 
trim 
direction. 
Trim 
adjustments 
up to ± 10% 
of VREG can 
be realized, 
with 
only 
a small 
increase 
in the temperature 
coefficient. 
(See 
temperature 
coefficient 
curve shown 
below) 


Normalized 
Temperature 
Drift with 
Output 
Externally 
Trimmed 


12 
g 
... 
C)z.. 
:I:'-'... 
C) 
~ 
0> 
z 
-4 
0;:: 
:3 
-8 
:::> 
~ 


- 
+10 


1 
%- 


+5f.- 


+2%- 
I 
No Trim_ 


I 


-2%_ 


-5~_ 


1 
-10~_ 
-12 
-50 
-25 
0 
25 
50 
75 
100 125 


JUNCTION 
TEMPERATURE 
(OC) 


TLIH/12359-9 
Increasing 
VREG 


TLIH/12359-10 
Decreasing 
VREG 


Formulas 
for selecting 
trim resistor 
values are shown 
below. 


For LM3420-4.2 


R- 
= 
22 X 105 
mcrease 
% 
increase . 


53 X 105 
Rdecrease = % decrease 
- 
75 x 103 


Input 
Voltage 


+ 13V 
to 
+20V 


For LM3420-8.4 
26 x 105 


Rincrease = % increase 


154 X 105 


Rdecrease = % decrease 


For LM3420-12.6 
28 x 105 
Rincrease = -%-in-c-re-as-e 


259 X 105 
287 X 103 
Rdecrease = % decrease 


Application 
Information 


The 
LM3420 
regulator/driver 
provides 
the 
reference 
and 
feedback 
drive functions 
for a Lithium-Ion 
battery 
charger. 
It 
can be used in many different 
charger 
configurations 
using 
both linear and switching 
topologies 
to provide 
the precision 
needed 
for charging 
Lithium-Ion 
batteries 
safely 
and 
effi- 
ciently. 
Output voltage 
tolerances 
better 
than 0.5% 
are pos- 
sible without 
using trim pots or precision 
resistors. 
The cir- 
cuits shown 
are designed 
for 2 cell operation, 
but they can 
readily 
be changed 
for either 
1 or 3 cell charging 
applica- 
tions. 


Application 
Circuits 


The 
circuit 
shown 
in Figure 
5 performs 
constant-current, 
constant-voltage 
charging 
of two Li-Ion 
cells. 
At the begin- 
ning of the charge 
cycle, 
when 
the battery 
voltage 
is less 
than 8AV, the 
LM3420 
sources 
no current 
from 
the 
OUT 
pin, 
keeping 
02 
off, 
thus 
allowing 
the 
LM317 
Adjustable 
voltage 
regulator 
to operate 
as a constant-current 
source. 


(The LM317 
is rated for currents 
up to 1.5A, and the LM350 
and 
LM338 
can 
be used 
for higher 
currents.) 
The 
LM317 
forces a constant 
1.25V across 
RUM, thus generating 
a con- 
stant current 
of 


1.25V 
IUM =-- 
RUM 


Transistor 
01 
provides 
a disconnect 
between 
the 
battery 


and the 
LM3420 
when 
the 
input voltage 
is removed. 
This 


prevents 
the 85 ",A quiescent 
current 
of the 
LM3420 
from 


eventually 
discharging 
the battery. 
In this application 
01 
is 


used as a low offset 
saturated 
switch, 
with the majority 
of 


the 
base 
drive 
current 
flowing 
through 
the 
collector 
and 


crossing 
over 
to the 
emitter 
as the 
battery 
becomes 
fully 


charged. 
It provides 
a very low collector 
to emitter 
satura- 


tion voltage 
(approximately 
5 mY). Diode 01 is also used to 


prevent 
the battery 
current 
from flowing 
through 
the LM317 


regulator 
from 
the 
output 
to the 
input 
when 
the 
DC input 


voltage 
is removed. 


As the 
battery 
charges, 
its voltage 
begins 
to rise, and 
is 


sensed 
at the IN pin of the LM3420. 
Once 
the battery 
volt- 
age reaches 
8.4V, the LM3420 
begins to regulate 
and starts 


sourcing 
current 
to the 
base 
of 02. 
Transistor 
02 
begins 


controlling 
the ADJ. pin of the LM317 
which 
begins to regu- 


late the voltage 
across 
the battery 
and the constant 
voltage 


portion 
of the charging 
cycle 
starts. 
Once 
the charger 
is in 


the constant 
voltage 
mode, the charger 
maintains 
a regulat- 


ed 8.4V across 
the battery 
and the charging 
current 
is de- 
pendent 
on the state 
of charge 
of the battery. 
As the cells 


approach 
a fully charged 
condition, 
the charge 
current 
falls 


to a very low value. 


Figure 6 shows 
a Li-Ion battery charger 
that features 
a drop- 


out voltage 
of less than one volt. This charger 
is a constant- 


current, 
constant-voltage 
charger 
(it operates 
in constant- 


current 
mode 
at 
the 
beginning 
of 
the 
charge 
cycle 
and 


switches 
over to a constant-voltage 
mode 
near the end of 


the charging 
cycle). 
The circuit 
consists 
of two basic feed- 


back loops. The first loop controls 
the constant 
charge 
cur- 
rent delivered 
to the battery, 
and the second 
determines 
the 


final voltage 
across 
the battery. 


With 
a discharged 
battery 
connected 
to the charger, 
(bat- 


tery voltage 
is less than 8.4V) the circuit 
begins 
the charge 


cycle 
with a constant 
charge 
current. 
The value 
of this cur- 
rent is set by using the reference 
section 
of the LM 1OC to 


force 200 mV across 
R7 thus causing 
approximately 
100 ",A 


of emitter 
current 
to flow 
through 
01, 
and 
approximately 


1 mA of emitter 
current 
to flow 
through 
02. 
The collector 


current 
of 01 is also approximately 
100 ",A, and this current 


flows through 
R2 developing 
50 mV across 
it. This 50 mV is 


used as a reference 
to develop 
the constant 
charge 
current 
through 
the current 
sense 
resistor 
R 1. 


The 
constant 
current 
feedback 
loop 
operates 
as follows. 


Initially, 
the 
emitter 
and 
collector 
current 
of 02 
are 
both 


approximately 
1 mA, thus providing 
gate drive to the MOS- 


FET 03, 
turning 
it on. The output 
of the LM301A 
op-amp 
is 


low. 
As 03's 
current 
reaches 
1A, the 
voltage 
across 
R1 


approaches 
50 mY, thus canceling 
the 50 mV drop across 


R2, and causing 
the op-amp's 
output 
to start going positive, 


and 
begin 
sourcing 
current 
into 
R8. 
As 
more 
current 
is 


forced 
into R8 from the op-amp, 
the collector 
current 
of 02 


is reduced 
by the same amount, 
which 
decreases 
the gate 


drive to 03, to maintain 
a constant 
50 mV across 
the 0.0511 


current 
sensing 
resistor, 
thus 
maintaining 
a constant 
1A of 


charge 
current. 


The 
current 
limit 
loop 
is stabilized 
by compensating 
the 


LM301A 
with 
C1 
(the 
standard 
frequency 
compensation 


used with this op-amp) 
and C2, which 
is additional 
compen- 


sation 
needed 
when 
03 is forward 
biased. This helps speed 


up the response 
time during 
the reverse 
bias of 03. When 


the 
LM301A 
output 
is low, 
diode 
03 
reverse 
biases 
and 


prevents 
the op-amp 
from pulling 
more current 
through 
the 


emitter 
of 02. 
This 
is important 
when 
the 
battery 
voltage 


reaches 
8.4 V. and the 1A charge 
current 
is no longer 
need- 


ed. Resistor 
R5 isolates 
the LM301A 
feedback 
node at the 


emitter 
of 02. 


The battery 
voltage 
is sensed 
and buffered 
by the op-amp 


section 
of the LM10C, 
connected 
as a voltage 
follower 
driv- 
ing the LM3420. 
When the battery voltage 
reaches 
8.4V, the 


LM3420 
will begin 
regulating 
by sourcing 
current 
into 
R8, 


which 
controls 
the collector 
current 
of 02, 
which 
in turn re- 


duces the gate voltage 
of 93 
and becomes 
a constant 
volt- 


age regulator 
for charging 
the battery. 
Resistor 
R6 isolates 


the LM3420 
from the common 
feedback 
node at the emitter 


of 02. 
If R5 and 
R6 are omitted, 
oscillations 
could 
occur 


during 
the transition 
from 
the constant-current 
to the con- 


stant-voltage 
mode. 
02 and the PNP transistor 
input stage 


of the 
LM10C 
will disconnect 
the battery 
from 
the charger 


circuit 
when the input supply voltage 
is removed 
to prevent 


the battery 
from discharging. 
• 


TL/H/12359-12 
FIGURE 7. High Efficiency Switching Regulator 
Constant Current/Constant 
Voltage 2-Cell Charger 
A switching regulator, constant-current, constant-voltage 
two-cell Li-Ion battery charging circuit is shown in Figure 
7. 


This circuit provides much better efficiency, especially over 
a wide input voltage range than the linear topologies. For a 
1A charger an lM2575-ADJ. switching regulator IC is used 
in a standard buck topology. For other currents, or other 
packages, other members of the SIMPLE SWITCHER<I> 
buck regulator family may be used. 
Circuit operation is as follows. With a discharged battery 
connected to the charger, the circuit operates as a constant 
current source. The constant-current portion of the charger 
is formed by the loop consisting of one half of the lM358 op 
amp along with gain setting resistors R3 and R4, current 
sensing resistor R5, and the feedback reference voltage of 
1.23V. Initially the lM358's output is low causing the output 
of the lM2575-ADJ. to rise thus causing some charging cur- 
rent to flow into the battery. When the current reaches 1A, it 
is sensed by resistor R5 (50 mO), and produces 50 mY. This 
50 mV is amplified by the op-amps gain of 25 to produce 
1.23V, which is applied to the feedback pin of the lM2575- 
ADJ. to satisfy the feedback loop. 
Once the battery voltage reaches 8AV, the lM3420 takes 
over and begins to control the feedback pin of the lM2575- 
ADJ. The lM3420 now regulates the voltage across the bat- 
tery, and the charger becomes a constant-voltage charger. 
loop compensation network R6, R7, and C3 ensure stable 
operation of the charger circuit under both constant-current 
and constant-voltage conditions. If the input supply voltage 
is removed, diode D2 and the PNP input stage of the lM358 
become reversed biased and disconnects the battery to en- 
sure that the battery is not discharged. Diode D3 reverse 
biases to prevent the op-amp from sinking current when the 
charger changes to constant voltage mode. 


The minimum supply voltage for this charger is approxi- 
mately 11V, and the maximum is around 30V (limited by the 
32V maximum operating voltage of the lM358). If another 
op-amp is substituted for the lM358, 
make sure that the 


input common-mode range of the op-amp extends down to 
ground so that it can accurately sense 50 mY. R1 is includ- 
ed to provide a minimum load for the switching regulator to 
assure that switch leakage current will not cause the output 
to rise when the battery is removed. 
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FIGURE 8. Low Dropout Constant Current/Constant 
Voltage L1-lon Battery Charger 
The circuit in Figure 8 is very similar to Figure 7, except the 
switching regulator has been replaced with a low dropout 
linear regulator, allowing the input voltage to be as low as 
10V. The constant current and constant voltage control 
loops are the same as the previous circuit. Diode D2 has 
been changed to a Schottky diode to provide a reduction in 
the overall dropout voltage of this circuit, but Schottky di- 
odes typically have higher leakage currents than a standard 
silicon diode. This leakage current could discharge the bat- 
tery if the input voltage is removed for an extended period of 
time. 
Another variation of a constant current! constant voltage 
switch mode charger is shown in Figure 9. The basic feed- 
back loops for current and voltage are similar to the previ- 
ous circuits. This circuit has the current sensing resistor, for 
the constant current part of the feedback loop, on the posi- 
tive side of the battery, thus allowing a common ground 
between the 
input supply and the 
battery. Also, the 
lMC7101 
op-amp is available in a very small SOT23-5 
package thus allowing a very compact pc board design. Di- 
ode D4 prevents the battery from discharging through the 
charger circuitry if the input voltage is removed, although 
the quiescent current of the lM3420 
will still be present 
(approximately 85 IJ-A). 
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FIGURE 9. High Efficiency Switching Charger 


with High Side Current Sensing 


V+ 
11 V to 30V 


+ C6 
82)'F 
1N4001 


8AV 
-=- 2-coll 


Li-ion 


A rapid charge 
Lithium-Ion 
battery 
charging 
circuit 
is shown 


in Figure 
10. This configuration 
uses a switching 
regulator 
to 
deliver 
the charging 
current 
in a series 
of constant 
current 


pulses. 
At the beginning 
of the charge 
cycle 
(constant-cur- 


rent mode), 
this circuit 
performs 
identically 
to the previous 


LM2575 
charger 
by charging 
the battery 
at a constant 
cur- 


rent of 1A. As the battery 
voltage 
reaches 
BAV, this charger 


changes 
from 
a constant 
continuous 
current 
of 1A to a 5 


second 
pulsed 
1A. This allows 
the total battery 
charge 
time 


to be reduced 
considerably. 
This is different 
from the other 


charging 
circuits 
that switch 
from a constant 
current 
charge 


to 
a 
constant 
voltage 
charge 
once 
the 
battery 
voltage 


reaches 
BAV. 
After 
charging 
the battery 
with 
1A for 5 sec- 


onds, 
the charge 
stops, 
and the 
battery 
voltage 
begins 
to 


drop. 
When 
it drops 
below 
B.4V, 
the 
LM555 
timer 
again 


starts 
the timing 
cycle 
and charges 
the battery 
with 
1A for 


another 
5 seconds. 
This cycling 
continues 
with a constant 
5 


second 
charge 
time, and a variable 
off time. In this manner, 
the battery 
will be charged 
with 1A for 5 seconds, 
followed 


by 
an 
off 
period 
(determined 
by 
the 
battery's 
state 
of 


charge), 
setting 
up a periodic 
1A charge 
current. 
The 
off 


time is determined 
by how long it takes 
the battery 
voltage 


to 
decrease 
back 
down 
to 
B.4V. 
When 
the 
battery 
first 


reaches 
BAV, 
the off time will be very short 
(1 ms or less), 


FIGURE 
10. (Fast) 
Pulsed 
Constant 
Current 
2-Cell 
Charger 


but when the battery 
approaches 
full charge, 
the off time will 


begin 
increasing 
to 
tens 
of 
seconds, 
then 
minutes, 
and 


eventually 
hours. 


The constant-current 
loop for this charger 
and the method 


used for programming 
the 1A of constant 
current 
is identical 


to the previous 
LM2575-ADJ. 
charger. 
In this circuit, 
a sec- 


ond 
LM3420-BA 
has its VREG increased 
by approximately 


400 mV (via R2), and is used to limit the output 
voltage 
of 


the charger 
to B.BV in the event of a bad battery 
connection, 


or the battery 
is removed 
or possibly 
damaged. 


The LM555 timer is connected 
as a one-shot, 
and is used to 


provide 
the 5 second 
charging 
pulses. 
As long as the bat- 


tery voltage 
is less than the BAV, 
the output 
of IC3 will be 


held low, and the LM555 
one-shot 
will never fire (the output 


of the LM555 
will be held high) and the one-shot 
will have 


no effect 
on the charger. 
Once the battery 
voltage 
exceeds 


the 
BAV 
regulation 
voltage 
of 
IC3, the 
trigger 
pin of the 


LM555 
is pulled 
high, enabling 
the one shot to begin timing. 


The charge 
current 
will now be pulsed into the battery 
at a 5 


second 
rate, with the off time 
determined 
by the 
battery's 


state 
of charge. 
The 
LM555 
output 
will go high for 5 sec- 


onds (pulling 
down the collector 
of 01) which 
allows 
the 1A 


constant-current 
loop to control 
the circuit. 
• 


9V-12V 
DC Source 


with 
+ 


Current 
Limit 


B.4V 
+ 
2 Lj-ion -=- 


Cells 


Figure 
11 shows a low dropout constant voltage charger 
using a MOSFET as the pass element, but this circuit does 
not include current limiting. This circuit uses 03 
and a 


Schottky diode to isolate the battery from the charging cir- 
cuitry when the input voltage is removed, to prevent the 
battery from discharging. 02 should be a high current (0.20) 
FET, while 03 can be a low current (20) device. 


Note: Although the application circuits shown here 
have been built and tested, they should be thoroughly 
evaluated with the same type of battery the charger will 
eventually be used with. 


Different battery manufacturers may use a slightly dif- 
ferent battery chemistry which may require different 
charging characteristics. Always consult the battery 
manufacturer for Information on charging specifica- 
tions and battery details, and always observe the manu- 
facturers precautions when using their batteries. Avoid 
overcharging or shorting Lithium-Ion batteries. 


f}1National 
Semiconductor: 


LM3940 
1A Low Dropout Regulator for 5V to 3.3V Conversion 


General Description 
The LM3940 is a 1A low dropout regulator designed to pro- 
vide 3.3V from a 5V supply. 
The LM3940 is ideally suited for systems which contain both 
5V and 3.3V logic, with prime power provided from a 5V bus. 
Because the LM3940 is a true low dropout regulator, it can 
hold its 3.3V output in regulation with input voltages as low 
as 4.5V. 
The TO-220 package of the LM3940 means that in most 
applications the full 1A of load current can be delivered 
without using an additional heatsink. 
The surface mount TO-263 package uses minimum board 
space, and gives excellent power dissipation capability 
when soldered to a copper plane on the PC board. 


Features 
• 
Output voltage specified over temperature 
• 
Excellent load regulation 
• 
Guaranteed 1A output current 
• 
Requires only one external component 
• 
Built-in protection against excess temperature 


• 
Short circuit protected 


Applications 
• 
Laptop/Desktop Computers 
• 
Logic Systems 


INPUT~ 


GND 
~ 
0 
GND 


OUTPUT 
0 


TLIH/12080-2 
3-Lead 
TO-220 
Package 
(Front 
View) 
Order 
Part Number 
LM3940IT-3.3 
NSC Drawing 
Number 
T03B 


INPUT=lTI- 
GND 
~ 
GND 


OUTPUT 
0 


TL/H/12080-3 


3-Lead 
TO-263 
Package 
(Front View) 


Order 
Part Number 
LM394015-3.3 
NSC Drawing 
Number 
TS3B 


-Required 
if regulator is located more that 1- from the power supply filter capacitor or if battery power is used. 


• ·See 
Application 
Hints. 
• 


UTTIcet UIStrlDUlors 
Tor avauaDlllty 
ana speclTlcatlons. 
Input Supply Voltage 
7.SV 


Storage 
Temperature 
Range 
- 6S·C to + 1S0·C 
ESD Rating (Note 3) 
2kV 


Operating 
Junction 
Temperature 
Range 
- 40·C to + 12S·C 


Electrical Characteristics 
Limits in standard 
typeface 
are for TJ = 
2S·C. and limits in boldface 
type 
apply 


over the full operating 
temperature 
range. 
Unless 
otherwise 
specified: 
VIN = 
SV. IL = 
1A. COUT = 
33 fLF. 


Symbol 
Parameter 
Conditions 
Typical 
LM3940 
(Note 
4) 
Units 
min 
max 


Va 
Output Voltage 
SmA,,; 
IL"; 
1A 
3.3 
3.20 
3.40 


V 
3.13 
3.47 


AVo 
Line Regulation 
IL = SmA 
20 
40 


AVI 
4.SV ,,; Va ,,; S.SV 


mV 


AVo 
Load Regulation 
SO mA ,,; IL"; 
1A 
3S 
SO 


IL 
80 


Zo 
Output 
Impedance 
IL (DC) = 
100 mA 


IL (AC) = 20 mA (rms) 
3S 
mD. 


f= 
120Hz 


10 
Quiescent 
Current 
4.SV ,,; VIN ,,; S.SV 
10 
1S 


IL = SmA 
20 


mA 
VIN = SV 
110 
200 


IL = 
1A 
250 


en 
Output 
Noise Voltage 
BW = 
10 Hz-100 
kHz 
1S0 
fLY (rms) 
IL = SmA 


Va - 
VIN 
Dropout 
Voltage 
IL = 
1A 
O.S 
0.8 
V 
(NoteS) 
1.0 


IL = 
100mA 
110 
1S0 
mV 
200 


IdSc) 
Short Circuit Current 
RL = 0 
1.7 
1.2 
A 


Note 
1: Absolute 
maximum 
ratings indicate 
limits beyond which damage 
to the component 
may occur. Electrical 
specifications 
do not apply when operating 
the 
device 
outside of its rated operating 
conditions. 


Note 
2: The maximum 
allowable 
power dissipation 
is a function of the maximum junction temperature, 
TJ. the junction-la-ambient 
thermal 
resistance, 
8J-A, 
and 


the ambient 
temperature, 
TA- Exceeding 
the maximum 
allowable 
power dissipation 
will cause 
excessive 
die temperature, 
and the regulator 
will go into thermal 


shutdown. 
The value of 8J-A 
(for devices in still air with no heatsink) is 60°C/W 
for the "T" package, 
and 800C/W 
for the "5" package. 
The effective value of 8J-A 
can be reduced 
by using a heatsink 
(see Application 
Hints for specific information 
on heatsinking). 


Note 
3: ESD rating is based on the human body model: 100 pF discharged 
through 1.5 kn. 


Note 
4: All limits guaranteed 
for TJ = 25°C are 100% 
tested and are used to calculate 
Outgoing Quality Levels. All limits at temperature 
extremes 
are guaranteed 


via correlation 
using standard 
Statistical 
Quality Control (SQC) 
methods. 


Note 
5: Dropout 
voltage 
is defined 
as the input-output 
differential 
voltage 
where 
the regulator 
output drops to B value that is 100 mV below the value that is 
measured 
at VIN = 5V. 
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Application 
Hints 


EXTERNAL CAPACITORS 
The output capacitor is critical to maintaining regulator sta- 
bility, and must meet the required conditions for both ESR 
(Equivalent Series Resistance) and minimum amount of ca- 
pacitance. 
MINIMUM CAPACITANCE: 
The minimum output capacitance required to maintain sta- 
bility is 33 IJoF(this value may be increased without limit). 
Larger values of output capacitance will give improved tran- 
sient response. 


ESR LIMITS: 
The ESR of the output capacitor will cause loop instability if 
it is too high or too low. The acceptable range of ESR plot- 
ted versus load current is shown in the graph below. It is 
essential that the output capacItor meet these require- 
ments, or oscillations can result. 
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It is important to note that for most capacitors, ESR is speci- 
fied only at room temperature. However, the designer must 
ensure that the ESR will stay inside the limits shown over 
the entire operating temperature range for the design. 
For aluminum electrolytic capacitors, ESR will increase by 
about 30X as the temperature is reduced from 25'C to 
-40'C. 
This type of capacitor is not well-suited for low tem- 
perature operation. 


Solid tantalum capacitors have a more stable ESR over 
temperature, but are more expensive than aluminum elec- 
trolytics. A cost-effective approach sometimes used is to 
parallel an aluminum electrolytic with a solid Tantalum, with 
the total capacitance split about 75/25% with the Aluminum 
being the larger value. 
If two capacitors are paralleled, the effective ESR is the 
parallel of the two individual values. The "flatter" ESR of the 
Tantalum will keep the effective ESR from rising as quickly 
at low temperatures. 


HEATSINKING 
A heatsink may be required depending on the maximum 
power dissipation and maximum ambient temperature of the 
application. Under all possible operating conditions, the 
junction temperature must be within the range specified un- 
der Absolute Maximum Ratings. 


To determine if a heatsink is required, the power dissipated 
by the regulator, Po, must be calculated. 


The figure below shows the voltages and currents which are 
present in the circuit, as well as the formula for calculating 
the power dissipated in the regulator: 


IIN = IL + IG 
Po = (VIN - Your) IL + (VIN) IG 


FIGURE 2. Power Dissipation Diagram 
The next parameter which must be calculated is the maxi- 
mum allowable temperature rise, TR (max). This is calculat- 
ed by using the formula: 


TR(max) = TJ (max) - TA (max) 
where: TJ (max) is the maximum allowable junction tem- 
perature, which is 125'C for commercial 
grade parts. 
TA (max) is the 
maximum ambient 
temperature 
which will be encountered in the applica- 
tion. 
Using the calculated values for TR(max) and Po, the maxi- 
mum allowable value for the junction-to-ambient thermal re- 
sistance, 11(J-A),can now be found: 


I1(J-A) = TR (max)/Po 
IMPORTANT: If the maximum allowable value for I1(J-A) is 
found to be ;;, 60'C/W for the "T" package, or ;;, 80' /W for 
the "S" package, no heatsink is needed since the package 
alone will dissipate enough heat to satisfy these require- 
ments. 


If the calculated value for 11(J-A)falls below these limits, a 
heatsink is required. Methods for heatsinking the TO-220 
and TO-263 packages will be addressed separately: 


HEATSINKING TO-220 PACKAGE PARTS 


The TO-220 can be attached to a typical heatsink, or se- 
cured to a copper plane on a PC board. If a copper plane is 
to be used, the values of I1(J-A) will be the same as shown 
in the next section for the TO-263. 
If a manufactured heatsink is to be selected, the value of 
heatsink-to-ambient thermal resistance, I1(H-A), must first 
be calculated: 


I1(H-A) = 11(J-A)- I1(C-H) - I1(J-C) 
Where: 11(J_C)is defined as the thermal resistance from 
the junction to the surface of the case. A 
value of 4'C/W can be assumed for 11(J_C) 
for this calculation. 


I1(C-H) is defined as the thermal resistance be- 
tween the case and the surface of the heat- 
sink. The value of I1(C-H) will vary from 
about 1.5'C/W to about 2.5'C/W (depend- 
ing on method of attachment, 
insulator, 
etc.). If the exact value is unknown, 2'C/W 
should be assumed for I1(C-H). 


Application 
Hints 
(Continued) 


When a value for II(H-A) is found 
using the equation 
shown, 
a heatsink must be selected that has a value that is less 
than or equal to this number. 


II(H-A) is specified 
numerically 
by the heatsink 
manufactur- 


er in the catalog, 
or shown 
in a curve that plots temperature 


rise vs power 
dissipation 
for the heatsink. 


HEATSINKING 
TO-263 
PACKAGE 
PARTS 


Heat 
is conducted 
away from 
the TO-263 
by soldering 
the 


tab of the device 
to a copper 
plane on the PC board. 


The graph 
below 
shows 
the measured 
values 
of 1I(J-A) for 


different 
copper 
area sizes using a typical 
P.C. board with 1 


ounce 
copper 
and no solder mask over the copper area 


used for heatsinking: 
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FIGURE 3.II(J-A) vs Copper 
Area 


As shown 
in the figure, increasing 
the copper 
area beyond 
1 


square 
inch produces 
very little improvement. 
It should 
also 
be 
observed 
that 
the 
minimum 
value 
of 
1I(J-A) 
for 
the 


TO-263 
package 
mounted 
to a P.C. board 
is 32'C/W. 


As a design 
aid, a plot is shown 
below 
which 
illustrates 
the 


maximum 
allowable 
power dissipation 
compared 
to ambient 


temperature 
for 
the 
TO-263 
device 
(assuming 
II(J-A) 
is 


35'C/W 
and the maximum 
junction 
temperature 
is 125'C): 
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FIGURE 
4. Maximum 
Power 
Dissipation 
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LP29501 A-XX and LP29511 A-XX Series 
of Adjustable Micropower Voltage Regulators 


General Description 
The LP2950 and LP2951 are micropower voltage regulators 
with very low quiescent current (75 /LA typ.) and very low 
dropout voltage (typ. 40 mV at light loads and 380 mV at 
100 mAl. They are ideally suited for use in battery-powered 
systems. 
Furthermore, 
the 
quiescent 
current 
of 
the 


LP2950/LP2951 increases only slightly in dropout, prolong- 
ing battery life. 


The LP2950-5.0 in the popular 3-pin TO-92 package is pin- 
compatible with older 5V regulators. The 8-lead LP2951 is 
available in plastic, ceramic dual-in-line, or metal can pack- 
ages and offers additional system functions. 
One such feature is an error flag output which warns of a 
low output voltage, often due to falling batteries on the in- 
put. It may be used for a power-on reset. A second feature 
is the logic-compatible shutdown input which enables the 
regulator to be switched on and off. Also, the part may be 
pin-strapped for a 5V, 3V. or 3.3V output (depending on the 
version), or programmed from 1.24V to 29V with an external 
pair of resistors. 
Careful design of the LP2950/LP2951 has minimized all 
contributions to the error budget. This includes a tight initial 


tolerance (.5% typ.), extremely good load and line regula- 
tion (.05% typ.) and a very low output voltage temperature 
coefficient, making the part useful as a low-power voltage 
reference. 


Features 
• 
5V, 3V, and 3.3V versions available 
• 
High accuracy output voltage 


• 
Guaranteed 100 mA output current 
• 
Extremely low quiescent current 
• 
Low dropout voltage 
• 
Extremely tight load and line regulation 


• 
Very low temperature coefficient 
• 
Use as Regulator Qr Reference 
• 
Needs minimum capacitance for stability 


• 
Current and Thermal Limiting 


LP2951 versions only 
• 
Error flag warns of output dropout 
• 
Logic-controlled electronic shutdown 
• 
Output programmable from 1.24 to 29V 


TO-92 
Plastic 
Package 
(Z) 


OUTPUT:8INPUT 


GND 


Bottom 
View 


Order 
Number 
LP2950ACZ-3.0, 
LP2950CZ-3.0, 
LP2950ACZ-3.3, 
LP2950CZ-3.3 
LP2950ACZ-5.0 
or LP2950CZ-5.0 
See NS Package 
Number 
Z03A 


Metal 
Can Package 
(H) 


INPUT 


Top View 


Order 
Number 
LP2951 H/883 
or 
5962-3870501MGA 
See NS Package 
Number 
H08C 


Dual-In-Line 
Packages 
(N, J) 
Surface-Mount 
Package 
(M) 


OUTPUT 


SENSE 


SHUTDOWN 


GROUND 


INPUT 


FEEDBACK 


VTAP 


ERROR 


Top View 


Order 
Number 
LP2951CJ, 
LP2951ACJ, 
LP2951J, 
LP2951J/883 
or 5962-3870501MPA 
See NS Package 
Number 
J08A 


Order 
Number 
LP2951ACN, 
LP2951CN, 
LP2951ACN-3.0, 
LP2951CN-3.0, 
LP2951ACN-3.3 
or LP2951CN-3.3 
See NS Package 
Number 
N08E 


Order 
Number 
LP2951ACM, 
LP2951CM, 
LP2951 ACM-3.0, 
LP2951 CM-3.0, 
LP2951ACM-3.3 
or LP2951CM-3.3 
See NS Package 
Number 
M08A 


Leadless 
Chip Carrier 
(E) 


OUTPUT 
INPUT 
\ 
/ 


I 
I 


GND 
ERROR 


Top View 


Order 
Number 
LP2951E/883 
or 5962-3870501M2A 
See NS Package 
Number 
E20A 


>< 
~ 
Ordering Information 
...•. 
.•.. 
.."0) 
Na. 
...I 
>< 
><.( 
...•.o 
.."0) 
Na. 
...I 


Package 
Output 
Voltage 
Temperature 


3.0V 
3.3V 
5.0V 
(OC) 


TO-92 
(Z) 
LP2950ACZ-3.0 
LP2950ACZ-3.3 
LP2950ACZ-5.0 
-40<TJ<125 


LP2950CA-3.0 
LP2950CZ-3.3 
LP2950CZ-5.0 


N (N-08E) 
LP2951 ACN-3.0 
LP2951 ACN-3.3 
LP2951ACN 
-40 
< TJ < 125 


LP2951CN·3.0 
LP2951CN-3.3 
LP2950CN 


M(MOSA) 
LP2951 ACM-3.0 
LP2951 ACM-3.3 
LP2951ACM 
-40 
< TJ < 125 


LP2951CM-3.0 
LP2951CM-3.3 
LP2951CM 


J (J08A) 
LP2951ACJ 
-40 
< TJ < 125 


LP2951CJ 


LP2951J 
-55 
< TJ < 150 


LP2951J/883 


5926-3870501 
MPA 


H (H08C) 
LP2951H/883 
-55 
< TJ < 150 


5962·3870501 
MGA 


E (E20A) 
LP2951E/883 
-55<TJ<150 


5962·3870501 
M2A 


Absolute Maximum Ratings 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Input Supply Voltage 
-0.3 
to +30V 


please 
contact 
the 
National 
Semiconductor 
Sales 
Feedback 
Input Voltage 
-1.5to 
+30V 
Office/Distributors 
for availability 
and specifications. 
(Notes 
9 and 10) 


Power Dissipation 
Internally 
Limited 
Shutdown 
Input Voltage 
-0.3 
to +30V 


Lead Temp. 
(Soldering, 
5 seconds) 
260·C 
(Note 
9) 


Storage 
Temperature 
Range 
-65· 
to + 150·C 
Error Comparator 
Output 


Operating 
Junction 
Temperature 
Range 
(Note 8) 
Voltage 
(Note 9) 
-0.3 
to +30V 


LP2951 
-55· 
to + 150·C 
ESD Rating 
is to be determined. 


LP2950AC-XX, 
LP2950C-XX, 
LP2951 AC-XX, LP2951C-XX 
-40· 
to + 125·C 


Electrical Characteristics 
(Note 1) 


LP2951 
LP2950AC·XX 
LP2950C-XX 


LP2951AC-XX 
LP2951C·XX 


Parameter 
Conditions 
Units 


(Note 2) 
Tested 
Tested 
Design 
Tested 
Design 


Typ 
Limit 
Typ 
Limit 
Limit 
Typ 
Limit 
Limit 


I 
(Notes 
3, 16) 
(Note 3) (Note 4) 
(Note 3) 
(Note 4) 


3V VERSIONS 
(Note 17) 


Output 
Voltage 
TJ = 25·C 
3.015 
3.015 
3.0 
3.030 
Vmax 


3.0 
2.985 
3.0 
2.985 
2.970 
Vmin 


-25·C 
:s:TJ :s:85·C 
3.0 
3.0 
3.030 
3.0 
3.045 
Vmax 


2.970 
2.955 
Vmin 


Full Operating 
3.036 
3.0 
3.036 
3.0 
3.060 
Vmax 


Temperature 
Range 
3.0 
2.964 
2.964 
2.940 
Vmin 


Output 
Voltage 
100/-,A:S: 
IL:S: 100mA 
3.0 
3.045 
3.0 
3.042 
3.0 
3.072 
Vmax 
I 
) 
TJ:S: TJMAX 
2.955 
2.958 
2.928 
Vmin 


3.3V VERSIONS 
(Note 17) 


Output Voltage 
TJ = 25·C 
3.3 
3.317 
3.3 
3.317 
3.3 
3.333 
Vmax 


3.284 
3.284 
3.267 
Vmin 


-25·C 
:s:TJ :s:85·C 
3.3 
3.3 
3.333 
3.3 
3.350 
Vmax 


3.267 
3.251 
Vmin 


Full Operating 
3.3 
3.340 
3.3 
3.340 
3.3 
3.366 
Vmax 


Temperature 
Range 
3.260 
3.260 
3.234 
Vmin 


Output 
Voltage 
100/-,A:S: 
IL :s: 100 mA 
3.3 
3.350 
3.3 
3.346 
3.3 
3.379 
Vmax 


TJ :s:TJMAX 
3.251 
3.254 
3.221 
Vmin 


5V VERSIONS 
(Note 17) 


Output Voltage 
TJ = 25·C 
5.0 
5.025 
5.0 
5.025 
5.0 
5.05 
Vmax 


4.975 
4.975 
4.95 
Vmin 


-25·C 
:s:TJ :s:85·C 
5.0 
5.0 
5.05 
5.0 
5.075 
Vmax 


4.95 
4.925 
Vmin 


Full Operating 
5.0 
5.06 
5.0 
5.06 
5.0 
5.1 
Vmax 


Temperature 
Range 
4.94 
4.94 
4.9 
Vmin 


Output Voltage 
100/-,A:S: 
IL:S: 100mA 
5.0 
5.075 
5.0 
5.075 
5.0 
5.12 
Vmax 


TJ:S: TJMAX 
4.925 
4.925 
4.88 
Vmin 


ALL VOLTAGE 
OPTIONS 


- 
- 


Output Voltage 
(Note 12) 
20 
120 
20 
100 
50 
150 
ppm/"C 
Temperature 
Coefficient 


Line Regulation 
(VoNOM + 1)V :s:Vin ,,; 30V 
0.03 
0.1 
0.03 
0.1 
0.04 
0.2 
0/0 max 


(Note 14) 
(Note 15) 
0.5 
0.2 
0.4 
%max 


Load Regulation 
100/-,A:S: 
IL:S: 100mA 
0.04 
0.1 
0.04 
0.1 
0.1 
0.2 
%max 


(Note 14) 
0.3 
0.2 
0.3 
%max 


fII 


•...r';:,;J •",,,,,-AA 
Lt"'.4!:~Ol"'-AA 


Parameter 
Conditions 
Units 
(Note 2) 
Tested 
Tested 
Design 
Tested 
Design 


Typ 
Limit 
Typ 
Limit 
Limit 
Typ 
Limit 
Limit 


(Notes 3, 16) 
(Note 3) (Note 4) 
(Note 3) (Note 4) 


ALL VOLTAGE 
OPTIONS 
(Continued) 


Dropout 
Voltage 
IL = lO0/-LA 
50 
80 
50 
80 
50 
80 
mVmax 


(Note 5) 
150 
150 
150 
mVmax 


IL = 100mA 
380 
450 
380 
450 
380 
450 
mVmax 
600 
600 
600 
mVmax 


Ground 
IL = 100/-LA 
75 
120 
75 
120 
75 
120 
/-LAmax 


Current 
140 
140 
140 
/-LAmax 


IL = 100mA 
8 
12 
8 
12 
8 
12 
mAmax 
14 
14 
14 
mAmax 


Dropout 
Vin = (VoNOM 
- 
0.5)V 
110 
170 
110 
170 
110 
170 
/-LAmax 


Ground 
Current 
IL = 100/-LA 
200 
200 
200 
/-LAmax 


Current 
Limit 
YOU! = 0 
160 
200 
160 
200 
160 
200 
mAmax 
220 
220 
220 
mAmax 


Thermal 
Regulation 
(Note 13) 
0.05 
0.2 
0.05 
0.2 
0.05 
0.2 
%/Wmax 


Output 
Noise, 
CL = 1 /-LF(5V Only) 
430 
430 
430 
/-LVrms 


10 Hz to 100 KHz 
CL = 200/-LF 
160 
160 
160 
/-LVrms 


CL = 3.3/-LF 


(Bypass = 0.01 /-LF 
100 
100 
100 
/-LVrms 
Pins 7 to 1 (LP2951)) 


8-PIN VERSIONS 
ONLY 
LP2951 
LP2951AC·XX 
LP2951C-XX 
- 


Reference 
1.235 
1.25 
1.235 
1.25 
1.235 
1.26 
Vmax 


Voltage 
1.26 
1.26 
1.27 
Vmax 


1.22 
1.22 
1.21 
Vmin 
1.2 
1.2 
1.2 
Vmin 


Reference 
(Note 7) 
1.27 
1.27 
1.285 
Vmax 


Voltage 
1.19 
1.19 
1.185 
Vmin 


Feedback 
Pin 
20 
40 
20 
40 
20 
40 
nA max 
Bias Current 
60 
60 
60 
nA max 


Reference 
Voltage 
(Note 12) 
20 
20 
50 
ppm/"C 
Temperature 
Coefficient 


Feedback 
Pin Bias 
0.1 
0.1 
0.1 
nA/"C 
Current Temperature 


Coefficient 


Error Comparator 


Output 
Leakage 
VOH = 30V 
. 
0.01 
1 
0.01 
1 
0.01 
1 
/-LAmax 
Current 
2 
2 
2 
/-LAmax 


Output 
Low 
Vin = (VoNOM 
- 
0.5)V 
150 
250 
150 
250 
150 
250 
mVmax 
Voltage 
IOL = 400/-LA 
400 
400 
400 
mVmax 


Upper Threshold 
(Note 6) 
60 
40 
60 
40 
60 
40 
mVmin 
Voltage 
25 
25 
25 
mVmin 


Lower Threshold 
(Note 6) 
75 
95 
75 
95 
75 
95 
mVmax 


Voltage 
140 
140 
140 
mVmax 


Hysteresis 
(Note 6) 
15 
15 
15 
mV 


a-PIN VERSIONS 
ONLY 
(Continued) 


Shutdown 
Input 


Input 
1.3 
1.3 
1.3 
V 


Logic 
Low (Regulator 
ON) 
0.6 
0.7 
0.7 
Vmax 


Voltage 
High (Regulator 
OFF) 
2.0 
2.0 
2.0 
Vmin 


Shutdown 
Pin 
Vshutdown = 2.4V 
30 
50 
30 
50 
30 
50 
/LA max 


Input Current 
100 
100 
100 
/LA max 


Vshutdown = 30V 
450 
600 
450 
600 
450 
600 
/LA max 


750 
750 
750 
/LA max 


Regulator 
Output 
(Note 11) 
3 
10 
3 
10 
3 
10 
/LA max 


Current 
in Shutdown 
20 
20 
20 
/LA max 


Note 1: Boldface 
limits apply at temperature 
extremes. 


Nole 2: Unlessotherwisespecifiedall limitsguarenteedfor TJ ~ 25'C,Vin~ (VoNOM+ 1)V,IL ~ 100"" 
andCL ~ 1I'F for 5Vversions,and2.21'F for 3Vand 
3.3V verstons. Additional 
conditions 
for the 8·pin versions are Feedback tied to VTAP. Output tied to Output Sense and Vshutdown :s::O.BV. 


Note 3: Guaranteed 
and 100% production 
tested. 


Note 4: Guaranteed 
but not 100% production 
tested. These limits are not used to calculate 
outgoing AOL levels. 


Note 5: Dropout Voltage is defined as the input to output differential 
at which the output voltage drops 100 mV below its nominal value measured at tV differential. 
At very low values of programmed 
output voltage, the minimum input supply voltage of 2V (2.3V over temperature) 
must be taken into account. 


Note 
6: Comparator 
thresholds 
are expressed 
in terms of a vottage differential 
at the Feedback 
terminal 
below the nominal 
reference 
vottage 
measured 
at 


Vin = (VoNOM 
+ l)V. 
To express 
these thresholds 
in terms of output voltage 
change, 
multiply by the error amplifier 
gain = Vout/Vref = (R1 + R2)/R2. 


For example, 
at a programmed 
output voltage 
of 5V, the Error output 
is guaranteed 
to go low when the output drops by 95 mV x 
5V/1.235V 
= 
384 mV. 
Thresholds 
remain 
constant 
as a percent 
of Vout as Vout is varied, 
with the dropout 
warning 
occurring 
at typically 
5% 
below 
nominal, 
7.5% 
guaranteed. 


Nole 7: V,el :> Vou' :> (Vin- 
lV), 2.3V :> Vin :> 30V, 100I'A :> IL :> 100mA, TJ 
:> TJMAJ(. 


Note 8: The junction-to-ambient 
thermal resistance 
of the TO-92 package is 1800C/W with 0.4· 
leads and 1600C/W with 0.25· 
leads to a PC board. The thermal 
resistance 
of the 8-pin DIP packages 
is 105°C/W 
for the molded plastic (N) and 1300C/W for the cerdip (J) junction 
to ambient when soldered 
directly to a PC 
board. Thermal resistance 
for the metal can (H) is 1600C/W junction to ambient and 200C/W junction to case. Junction to ambient thermal resistance for the S.D. 
(M) package is 1600C/W. Thermal resistance 
for the leadless chip carrier (E) package is 95°C/W 
junction to ambient and 24°C/W 
junction to case. 


Note 9: May exceed input supply voltage. 


Note 
10: When used in dual-supply 
systems where the output terminal sees loads returned to a negative supply, the output voltage should be diode-clamped 
to 
ground. 


Note 
11: Vshutdown 2 2V, Vin s: 30V, Vout = 0, Feedback pin tied to VTAP. 


Note 
12: Output or reference 
voltage temperature 
coefficient 
is defined as the worst case voltage change divided by the total temperature 
range. 


Note 13: Thermal regulation is defined as the change in output voltage at a time T after a change in power dissipation 
is applied, excluding load or line regulation 
effects. Specifications 
are for a 50 mA load pulse at VIN = 30V (1.25W pulse) for T = 10 ms. 


Note 
14: RegUlation is measured at constant junction temperature, 
using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are 
covered 
under the specification 
for thermal regUlation. 


Note 
15: Line regulation for the LP2951 is tested at 1500C for IL = 1 mA. For IL = 100 J.LA and TJ = 125°C, line regulation is guaranteed 
by design to 0.2%. See 


Typical Performance 
Characteristics 
for line regulation versus temperature 
and load current. 


Note 16: A Military RETS spec is available on request. At time of printing, the LP2951 REfS 
spec complied with the boldface limits in this column. The LP2951 H, E, 
or J mayalso be procuredas StandardMilitaryDrawingSpec # 5962-3870501MGA,M2A,or MPA. 


Note 17: All LP2950 devices have the nominal output voltage coded as the last two digits of the part number. In the LP2951 products, the 3.0V and 3.3V versions 
are designated 
by the last two digits, but the 5V version is denoted 
with no code at this location of the part number (refer to ordering information 
table). 


Typical Performance 
Characteristics 
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Typical Performance 
Characteristics 
(Continued) 
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TEIrllPERATURE 
(Oe) 
INPUT 
VOLTAGE 
(v) 
INPUT 
VOLTAGE 
(v) 


LP2950 
Maximum 
Rated Output 
Current 


120 


Application 
Hints 


EXTERNAL 
CAPACITORS 


A 1.0 J-LF(or greater) 
capacitor 
is required 
between 
the out- 


put and ground 
for stability 
at output voltages 
of 5V or more. 


At 
lower 
output 
voltages, 
more 
capacitance 
is 
required 


(2.2 J-LFor more is recommended 
for 3V and 3.3V versions). 


Without 
this capacitor 
the part will oscillate. 
Most types 
of 


tantalum 
or aluminum 
electrolytics 
work fine here; even film 


types 
work 
but are not recommended 
for reasons 
of cost. 


Many aluminum 
electrolytics 
have electrolytes 
that freeze 
at 


about 
- 30·C, so solid tantalums 
are recommended 
for op- 
eration 
below 
- 25·C. The important 
parameters 
of the ca- 


pacitor 
are an ESR of about 
5 n or less and 
a resonant 


frequency 
above 
500 kHz. The value 
of this capacitor 
may 


be increased 
without 
limit. 


At lower values 
of output 
current, 
less output 
capacitance 
is 


required 
for 
stability. 
The 
capacitor 
can 
be 
reduced 
to 


:t.e-+-- 
T 


~ 
~ 
1 


~ 
~ 
0 


is 
-I 
o 


0.33 
J-LFfor currents 
below 
10 mA or 0.1 J-LFfor currents 


below 
1 mA. Using the adjustable 
versions 
at voltages 
be- 


low 5V runs the error amplifier 
at lower 
gains 
so that more 


output 
capacitance 
is needed. 
For the worst-case 
situation 


of a 100 mA load at 1.23V output 
(Output 
shorted 
to Feed- 


back) a 3.3 J-LF(or greater) 
capacitor 
should 
be used. 


Unlike many other regulators, 
the LP2950 
will remain 
stable 


and in regulation 
with no load in addition 
to the internal 
volt- 


age 
divider. 
This 
is especially 
important 
in CMOS 
RAM 
keep-alive 
applications. 
When 
setting 
the output 
voltage 
of 


the LP2951 versions 
with external 
resistors, 
a minimum 
load 


of 1 ,...Ais recommended. 


A 1 J-LFtantalum 
or aluminum 
electrolytic 
capacitor 
should 


be placed 
from the LP2950/LP2951 
input to ground 
if there 


is more than 10 inches of wire between 
the input and the AC 
filter capacitor 
or if a battery 
is used as the input. 


Adding 
a 100 pF capacitor 
between 
Output 
and Feedback 
and increasing 
the output 
capacitor 
to at least 3.3 !-LFwill fix 
this problem. 


ERROR 
DETECTION 
COMPARATOR 
OUTPUT 


The comparator 
produces 
a logic low output 
whenever 
the 
LP2951 
output 
falls out of regulation 
by more than approxi- 
mately 
5%. This figure 
is the comparator's 
built-in 
offset 
of 
about 60 mV divided 
by the 1.235 reference 
voltage. 
(Refer 
to the block diagram 
in the front of the datasheet.) 
This trip 
level 
remains 
"5% 
below 
normal" 
regardless 
of the 
pro- 
grammed 
output voltage 
of the 2951. For example, 
the error 
flag trip level is typically 
4.75V for a 5V output 
or 11.4 V for a 
12V output. 
The out of regulation 
condition 
may be due ei- 
ther to low input voltage, 
current 
limiting, 
or thermal 
limiting. 


Figure 
1 below gives a timing diagram 
depicting 
the ERROR 
signal and the regulated 
output voltage 
as the LP2951 
input 
is ramped 
up and down. 
For 5V versions, 
the ERROR 
signal 
becomes 
valid 
(low) 
at about 
1.3V 
input. 
It goes 
high 
at 
about 
5V input 
(the input voltage 
at which 
VOUT = 4.75). 
Since the LP2951's 
dropout 
voltage 
is load-dependent 
(see 
curve in typical 
performance 
characteristics), 
the input volt- 
age trip point (about 
5V) will vary with the load current. 
The 
output 
voltage 
trip point (approx. 
4.75V) 
does not vary with 
load. 


The 
error 
comparator 
has an open-collector 
output 
which 
requires 
an external 
pullup 
resistor. 
This 
resistor 
may 
be 
returned 
to the 
output 
or some 
other 
supply 
voltage 
de- 
pending 
on system 
requirements. 
In determining 
a value for 
this 
resistor, 
note 
that 
while 
the 
output 
is rated 
to 
sink 
400 !-LA,this sink current 
adds to battery 
drain in a low bat- 
tery condition. 
Suggested 
values 
range from 
1OOk to 1 MO. 


The resistor 
is not required 
if this output 
is unused. 


PROGRAMMING 
THE OUTPUT 
VOLTAGE 
(LP2951) 


The LP2951 
may be pin-strapped 
for the nominal 
fixed out- 
put voltage 
using 
its internal 
voltage 
divider 
by tying 
the 
output 
and sense 
pins together, 
and also tying the feedback 
and 
VTAP 
pins 
together. 
Alternatively, 
it 
may 
be 
pro- 
grammed 
for any output 
voltage 
between 
its 1.235V 
refer- 
ence 
and its 30V maximum 
rating. 
As seen 
in Figure 
2, an 
external 
pair of resistors 
is required. 


v~~~~~----:rr-l\- 


ERROR· • - - -: 
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·When VIN S" 1.3V, the error flag pin becomes a high impedance, and the 
error flag voltage rises to its pull-up voltage. Using VOUT as the pull-up 
voltage 
(see Figure 2), 
rather than an external 
5V source, will keep the error 
flag voltage 
under 1.2V (typ.) in this condition. 
The user may wish to divide 


down the error flag voltage 
using equal~value resistors (10 kO suggested), 
to 
ensure a low-level logic signal during any fault condition, while still allowing a 
valid high logic level during normal operation. 


where 
VREF is the nominal 
1.235 reference 
voltage 
and IFB 
is the 
feedback 
pin bias 
current, 
nominally 
- 20 
nA. The 
minimum 
recommended 
load current 
of 1 !-LAforces 
an up- 
per limit of 1.2 MO on the value of R2' if the regulator 
must 
work 
with 
no 
load 
(a condition 
often 
found 
in CMOS 
in 
standby). 
IFB will produce 
a 2% typical 
error in VOUT which 
may be eliminated 
at room temperature 
by trimming 
R1. For 
better 
accuracy, 
choosing 
R2 = 100k reduces 
this error to 
0.17% 
while 
increasing 
the 
resistor 
program 
current 
to 
12 !-LA. Since 
the LP2951 
typically 
draws 
60 !-LAat no load 
with Pin 2 open-circuited, 
this is a small price to pay. 


REDUCING 
OUTPUT 
NOISE 


In reference 
applications 
it may be advantageous 
to reduce 
the AC noise present 
at the output. 
One method 
is to reduce 
the regulator 
bandwidth 
by increasing 
the size of the output 
capacitor. 
This is the only way noise can be reduced 
on the 
3 lead LP2950 
but is relatively 
inefficient, 
as increasing 
the 
capacitor 
from 
1 !-LF to 220 
!-LF only 
decreases 
the 
noise 
from 430 !-LVto 160 !-LVrms for a 100 kHz bandwidth 
at 5V 
output. 


Noise 
can 
be reduced 
fourfold 
by a bypass 
capacitor 
ac- 
cross 
R1' since it reduces 
the high frequency 
gain from 4 to 
unity. Pick 


C 
= 
1 
BYPASS - 
21TR1 .200 
Hz 


or about 
0.01 
!-LF. When 
doing 
this, 
the 
output 
capacitor 
must 
be increased 
to 3.3 
!-LF to 
maintain 
stability. 
These 
changes 
reduce 
the output 
noise 
from 
430 
!-LV to 100 !-LV 
rms for a 100 kHz bandwidth 
at 5V output. 
With the bypass 
capacitor 
added, 
noise no longer scales 
with output 
voltage 
so that 
improvements 
are more 
dramatic 
at higher 
output 
voltages. 


FIGURE 
2. Adjustable 
Regulator 
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·Minimum 
input-output 
voltage 
ranges 
from 
40 mV to 400 mY, depending on load current. 


Current 
limit 
is typically 
160 
mA. 
Low Drift Current 
Source 
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·Minimum 
input-output voltage ranges from 40 mV to 400 mV, depending 
on 
load current. Current limit is typically 160 mA. 


Regulator with Early Warning 
and Auxiliary Output 
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EARLY 
WARNING 


• Early warning flag on low input voltage 


• Main output latches off at lower input voltages 


• Battery backup on auxiliary output 


Operation: 
Reg. # 1's Vout is programmed 
one diode drop above 5V. Its error 


flag becomes active when Vin ~ 5.7V. When Vin drops below 5.3V, the error 
flag of Reg. #2 
becomes 
active and via 01 
latches 
the main output off. 
When Vin again exceeds 
5.7V Reg. 
# 1 is back in regulation 
and the early 


warning signal rises, unlatching 
Reg. # 2 via 03. 
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2 Ampere Low Dropout Regulator 


CURRENT 
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L1~IT SECTION'-, 


( 
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VOUl 
~ 
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For 5Vout, use internal resistors. Wire pin 6 to 7, & wire pin 2 to +Vout Buss. 


5V Regulator with 2.5V Sleep Function 
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·OptionaJ Latch off when drop out occurs. Adjust R3 for C2 Switching when Vin is 6.0V. 


··Outputs 
go low when Vin drops below designated 
thresholds. 


Low Battery 
Disconnect 
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LP2952/LP2952A/LP2953/LP2953A 
Adjustable Micropower 
Low-Dropout 
Voltage Regulators 


General Description 


The LP2952 
and LP2953 
are micropower 
voltage 
regulators 
with 
very 
low 
quiescent 
current 
(130 
I-'A typical 
at 1 mA 


load) and very low dropout 
voltage 
(typ. 60 mV at light load 


and 470 mV at 250 mA load current). 
They are ideally suited 


for 
battery-powered 
systems. 
Furthermore, 
the 
quiescent 
current 
increases 
only 
slightly 
at dropout, 
which 
prolongs 


battery 
life. 


The LP2952 
and LP2953 
retain all the desirable 
characteris- 


tics of the LP2951, 
but offer increased 
output 
current, 
addi- 
tional 
features, 
and an improved 
shutdown 
function. 


The internal 
crowbar 
pulls the output 
down quickly when the 


shutdown 
is activated. 


The 
error 
flag goes 
low if the output 
voltage 
drops 
out of 


regulation. 


Reverse 
battery 
protection 
is provided. 


The internal 
voltage 
reference 
is made available 
for external 


use, providing 
a low-T.C. 
reference 
with very good 
line and 


load regulation. 


The parts are available 
in DIP and surface 
mount packages. 


Features 


• 
Output 
voltage 
adjusts 
from 
1.23V to 29V 


• 
Guaranteed 
250 mA output 
current 


• 
Extremely 
low quiescent 
current 


• 
Low dropout 
voltage 


• 
Extremely 
tight line and load regulation 


• 
Very low temperature 
coefficient 


• 
Current 
and thermal 
limiting 


• 
Reverse 
battery 
protection 


• 
50 mA (typical) 
output 
pulldown 
crowbar 


• 
5V and 3.3V versions 
available 


LP2953 Versions Only 


• 
Auxiliary 
comparator 
included 
with 
CMOS/TIL 
compati- 


ble output 
levels. 
Can 
be used 
for fault 
detection, 
low 


input line detection, 
etc. 


Applications 


• 
High-efficiency 
linear regulator 


• 
Regulator 
with under-voltage 
shutdown 


• 
Low dropout 
battery-powered 
regulator 


• 
Snap-ON/Snap-OFF 
regulator 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Lead Temp. 
(Soldering, 
5 seconds) 
260'C 


please 
contact 
the 
National 
Semiconductor 
Sales 
Power Dissipation 
(Note 2) 
Internally 
Limited 
Office/Distributors 
for availability 
and specifications. 
Input Supply Voltage 
-20Vto 
+30V 
Storage 
Temperature 
Range 
-65'C';; 
TA';; 
+ 150'C 
Feedback 
Input Voltage 
(Note 3) 
-0.3Vto 
+5V 
Operating 
Temperature 
Range 
Comparator 
Input Voltage 
(Note 4) 
-0.3Vto 
+30V 
LP29521, LP29531, LP2952AI, 
LP2953AI, 
LP29521-3.3, 
LP29531-3.3, 
Shutdown 
Input Voltage 
(Note 4) 
-0.3Vto 
+30V 


LP2952AI-3.3, 
LP2953AI-3.3 
-40'C 
,;; TJ ,;; + 125'C 
Comparator 
Output Voltage 
(Note 4) 
-0.3Vto 
+30V 


LP2953AM 
-55'C';; 
TA';; 
+ 125'C 
ESD Rating (Note 15) 
2 kV 


Maximum 
Junction 
Temperature 


LP29521, LP29531, LP2952AI, 
LP2953AI, 
LP29521·3.3, 
LP29531-3.3, 
LP2952AI-3.3, 
LP2953AI-3.3 
+125'C 


LP2953AM 
+ 150'C 


Electrical Characteristics 
Limits in standard 
typeface 
are for TJ = 25'C, 
bold 
typeface 
applies 
over the full 
operating 
temperature 
range. 
Limits 
are guaranteed 
by production 
testing 
or correlation 
techniques 
using standard 
Statistical 
Quality 
Control 
(SQC) methods. 
Unless 
otherwise 
specified: 
VIN = 
Vo(NOM) 
+ 
1V, 'L = 
1 mA, CL = 
2.2 ",F for 5V parts and 
4.7",F 
for 3.3V parts. 
Feedback 
pin is tied to V Tap pin, Output 
pin is tied to Output 
Sense 
pin. 


3.3V Versions 


Symbol 
Parameter 
Conditions 
Typical 
LP2952AI-3.3, 
LP2953AI-3.3 
LP29521-3.3, 
LP29531-3.3 
Units 


Mln 
Max 
Min 
Max 


Vo 
Output Voltage 
3.3 
3.284 
3.317 
3.267 
3.333 


3.260 
3.340 
3.234 
3.366 
V 


1 mA ,;; 'L ,;; 250 mA 
3.3 
3.254 
3.346 
3.221 
3.379 


5V Versions 


LP2952AI, 
LP2953AI, 
LP29521, LP29531 
Symbol 
Parameter 
Conditions 
Typical 
LP2953AM 
(Note 
17) 
Units 


Min 
Max 
Min 
Max 


Vo 
Output Voltage 
5.0 
4.975 
5.025 
4.950 
5.050 


4.940 
5.060 
4.900 
5.100 
V 


1 mA ,;; 'L ,;; 250 mA 
5.0 
4.930 
5.070 
4.880 
5.120 


All Voltage Options 


LP2952AI, 
LP2953AI, 
LP29521, LP29531, 


Symbol 
Parameter 
Conditions 
Typical 


LP2952AI-3.3, 
LP2953AI-3.3, 
LP29521-3.3, 
LP29531-3.3 
Units 
LP2953AM 
(Note 
17) 


Min 
Max 
Min 
Max 


avo 
Output Voltage 
(Note 5) 
20 
100 
150 
ppm/'C 
aT 
Temp. Coefficient 


avo 
Output 
Voltage 
VIN = Vo(NOM) 
+ 
1V 
0.03 
0.1 
0.2 
% 
Vo 
Line Regulation 
t030V 
0.2 
0.4 


avo 
Output Voltage 
IL = 
1 mA to 250 mA 
0.16 
--c- 


0.20 


Vo 
Load Regulation 
'L = 0.1 mA to 1 mA 
0.04 
0.20 
0.30 
% 


(Note 6) 


VIN-VO 
Dropout 
Voltage 
'L = 
1 mA 
60 
100 
100 
(Note 7) 
150 
150 


'L = 50 mA 
240 
300 
300 


420 
420 


'L= 
100mA 


mV 


310 
400 
400 


520 
520 


'L = 250 mA 
470 
600 
600 


800 
800 


4.1",1- Tor ::I.::IVparts. 
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All Voltage Options 
(Continued) 


LP2952AI, LP2953AI, 
LP29521, LP29531, 


Symbol 
Parameter 
Conditions 
Typical 
LP2952AI-3.3, LP2953AI-3.3, 
LP29521·3.3, LP29531-3.3 
Units 
LP2953AM (Note 17) 


Mln 
Max 
Mln 
Max 


IGND 
Ground Pin Current 
IL = 1 mA 
130 
170 
170 


(Note 8) 
200 
200 
/LA 


IL = 50mA 
1.1 
2 
2 
2.5 
2.5 


IL = 100mA 
4.5 
6 
6 
mA 
8 
8 


IL = 250mA 
21 
28 
28 
33 
33 


IGND 
Ground Pin Current 
VIN = Vo(NOM) 
-0.5V 
165 
210 
210 
",A 
at Dropout (Note 8) 
IL = 100 /LA 
240 
240 


IGND 
Ground Pin Current 
(Note 9) 
105 
140 
140 
/LA 
at Shutdown (Note 8) 


ILiMIT 
Current Limit 
VOUT = 0 
380 
500 
500 
mA 
530 
530 


li.Vo 
Thermal Regulation 
(Note 10) 
0.05 
0.2 
0.2 
%/W 
li.Pd 


en 
Output Noise Voltage CL ~ 4.7/LF 
400 


(10 Hz to 100 kHz) 
CL = 33/LF 
260 
/LVRMS 
IL=100mA 


CL = 33 /LF (Note 11) 
80 


VREF 
Reference Voltage 
(Note 12) 
1.230 
1.215 
1.245 
1.205 
1.255 
V 
1.205 
1.255 
1.190 
1.270 


li.VREF 
Reference Voltage 
VIN ~ 2.5V to VO(NOM) + 1V 
0.03 
0.1 
0.2 


VREF 
Line Regulation 
VIN = VO(NOM) + 1V to 30V 
0.2 
0.4 
% 


(Note 13) 


li.VREF 
Reference Voltage 
IREF = 0 to 200 /LA 
0.25 
0.4 
0.8 
% 
VREF 
Load Regulation 
0.8 
1.0 


li.VREF 
Reference Voltage 
(Note 5) 
20 
ppm/'C 
li.T 
Temp. Coefficient 


IB(FB) 
Feedback Pin 
20 
40 
40 


Bias Current 
80 
80 
nA 


10 
Output "OFF" 
(Note 9) 
50 
30 
30 


(SINK) 
Pulldown Current 
20 
20 
mA • 


Electrical Characteristics 
Limits in standard 
typeface 
are for TJ = 25'C, bold typeface applies 
over the full 
operating 
temperature 
range. 
Limits 
are guaranteed 
by production 
testing 
or correlation 
techniques 
using 
standard 
Statistical 
Quality 
Control 
(SQC) methods. 
Unless otherwise 
specified: 
VIN = Vo(NOM) 
+ lV, 
IL = 1 mA, CL = 2.2 ",F for 5V parts and 
4.7",F 
for 3.3V parts. 
Feedback 
pin is tied to V Tap pin, Output 
pin is tied to Output 
Sense 
pin. (Continued) 


LP2952AI. LP2953AI. 
LP29521. LP29531. 


LP2952AI-3.3. LP2953AI-3.3. 
Symbol 
Parameter 
Conditions 
Typical 
LP2953AM (Note 17) 
LP29521-3.3. LP29531-3.3 
Units 


" 
Min 
Max 
Mln 
Max 


DROPOUT DETECTION COMPARATOR 


IOH 
Output "HIGH" 
VOH ~ 30V 
1 
1 
0.01 
p.A 
Leakage 
2 
2 


VOL 
Output "LOW" 
VIN ~ Vo(NOM) - 0.5V 
250 
250 
150 
mV 
Voltage 
lo(COMP) ~ 400 p.A 
400 
400 


Vn1R 
Upper Threshold 
(Note 14) 
-80 
-35 
-80 
-35 
-60 
mV 
(MAX) 
Voltage 
-95 
-25 
-95 
-25 


VTHR 
Lower Threshold 
(Note 14) 
-110 
-55 
-110 
-55 
-85 
mV 
(MIN) 
Voltage 
-160 
-40 
-160 
-40 


HYST 
Hysteresis 
(Note 14) 
15 
mV 


SHUTDOWN INPUT (Note 16) 


Vos 
Input Offset Voltage 
(Referred to VREF) 


, 


-7.5 
7.5 
-7.5 
7.5 
±3 
mV 
-10 
10 
-10 
10 


HYST 
Hysteresis 
6 
mV 


IB 
Input Bias Current 
VIN(S/D) = OVto 5V 
-30 
30 
10 
-50 
50 
-30 
-30 


I LP2953AM 
-30 
-50 
50 
nA 


10 
30 
-75 
75 


AUXILIARY COMPARATOR (LP2953 Only) 


Vos 
Input Offset Voltage 
(Referred to VREF) 
-7.5 
7.5 
±3 
-10 
10 
-7.5 
7.5 
mV 
I LP2953AM 
-7.5 
-10 
10 
±3 
7.5 


-12 
12 


HYST 
Hysteresis 
6 
mV 


IB 
Input Bias Current 
VIN(COMP) ~ OVto 5V 
-30 
30 
10 
-50 
50 
-30 
30 


I LP2953AM 
-50 
50 
nA 
-30 
30 
10 
-75 
75 


IOH 
Output "HIGH" 
VOH ~ 30V 
0.01 
1 


Leakage 
VIN(COMP) = 1.3V 
2 
1 


I LP2953AM 
2 
p.A 


0.01 
1 
2.2 


VOL 
Output "LOW" 
VIN(COMP) ~ 1.W 
150 
250 


Voltage 
lo(COMP) = 400 p.A 
400 
250 


I LP2953AM 


400 
mV 


150 
250 
420 


Note 
1: Absolute 
maximum ratings indicate limits beyond which damage to the component 
may occur. Electrical specifications 
do not apply when operating the 
device outside of its rated operating 
conditions. 


Note 2: The maximum allowable 
power dissipation 
is a function of the maximum junction temperature, 
TJ(MAX), the junction·to·ambient 
thermal resistance, 
(JJ_A, 


and the ambient temperature, 
TA. The maximum allowable 
power dissipation 
at any ambient temperature 
is calculated 
using: P (MAX) = TJ(MAX) - 
TA . 


8J-A 


Exceeding 
the maximum allowable 
power dissipation 
will cause excessive 
die temperature, 
and the regUlator will go into thermal shutdown. 
See APPLICA nON 
HINTS for additional 
informatton 
on heatsinking 
and thermal resistance. 


Note 3: When used in dual-supply 
systems where the regUlator load is returned to a negative supply, the output voltage must be diode-clamped 
to ground. 


Note 4: May exceed the input supply voltage. 


Note 5: Output or reference 
voltage temperature 
coefficient 
is defined as the worst case voltage change divided by the total temperature 
range. 
1 


Note 6: Load regUlation is measured at constant junction temperature 
using low duty cycle pulse testing. Two separate tests are performed, 
one for the range of 
100 v-A to 1 mA and one for the 1 mA to 250 mA range. Changes in output voltage due to heating effects are covered 
by the thermal regulation 
specification. 


Note 7: Dropout voltage is defined as the input to output differential 
at which the output voltage drops 100 mV below the value measured with a 1V differential. 
At 
very low values of programmed 
output voltage, the input voltage minimum of 2V (2.3V over temperature) 
must be observed. 


Note 8: Ground pin current is the regulator quiescent current. The total current drawn from the source is the sum of the ground pin current, output load current, and 
current through the external resistive divider (if used). 


Note 9: VSHUTDOWN ,; 1.1V, VOUT ~ Vo(NOM). 


Note 10: Thermal regulation is the change in output voltage at a time T after a change in power dissipation, excluding load or line regUlation effects. Specifications 
are for a 200 mA load pulse at V,N ~ VO(NOM)+ 
15V (3W pulse) for T - 
10 ms. 


Note 
11: Connect a 0.1 ~F capacitor from the output to the feedback 
pin. 


Note 
t2: VREF ,; Vour 
,; (V,N - 
lV), 2.3V ,; V,N ,; 30V, 100 ~ 
,; 'L ,; 250 mA. 


Note 
13: Two separate tests are performed, 
one covering 2.5V ,; V,N ,; Vo(NOM) + 1V and the other test for VO(NOM)+ 
1V ,; VIN ,; 30V. 


Note 
14: Comparator 
thresholds 
are expressed 
in terms of a voltage 
differential 
at the Feedback 
terminal 
below the nominal 
reference 
voltage 
measured 
at 
V,N = Vo(NOM) 
+ 1V. To express these thresholds 
in terms of output voltage change, multiply by the Error amplifier gain, which is VOUTIVREF = (Rl 
+ R2)/R2 
(refer to Figure 4). 


Note 
15: Human body model, 200 pF discharged 
through 1.5 kO. 


Note 16: Drive Shutdown 
pin with TTL or CMOS-low 
level to shut regUlator OFF, high level to turn regUlator ON. 


Note 
17: A military RETS specification 
is available upon request. At the time of printing, the LP2953AMJ/883C 
RETS specification 
complied with the bolelf •••• 


limits in this column. 
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10 
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FREQUENCY 
(KHz) 
FREQUENCY 
(KHz) 
rREQUENCY (KH,) 


Line Transient 
Response 
Line Transient 
Response 
Output 
Impedance 


I 
100 


400 
80 
e,. 
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> 
I, 
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10 mA 
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~ 
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0.1 
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6V 


0.01 
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2 
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5 
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0.1 
1 
10 
100 
1000 
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ems) 
TIIllE 
ems) 
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Typical Performance 
Characteristics 
Unless otherwise specified: VIN = 6V. IL = 1 mA. CL = 2.2 p.F. 
VSD= 3V. TA = 2S 


oC. VOUT= SV.(Continued) 


Load Transient Response 
Load Transient Response 
Dropout Characteristics 
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Typical Performance 
Characteristics 
Unless otherwise 
specified: 
VIN = 6V, IL = 1 mA, CL = 2.2I-'F, 


VSD = 3V, TA = 2S·C, Your = SV. (Continued) 


Thermal 
Regulation 
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Schematic 
Diagram 
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Application Hints 


HEATSINK 
REQUIREMENTS 
(Industrial 
Temperature 


Range 
Devices) 


The 
maximum 
allowable 
power 
dissipation 
for 
the 


LP2952/LP2953 
is limited 
by the maximum 
junction 
temper- 


ature ( + 125'C) 
and the external 
factors 
that determine 
how 


quickly 
heat flows away from the part: the ambient 
tempera- 
ture and the junction-to-ambient 
thermal 
resistance 
for the 


specific 
application. 


The industrial 
temperature 
range 
(- 
40'C 
s: TJ s: + 125'C) 
parts 
are manufactured 
in plastic 
DIP and 
surface 
mount 


packages 
which 
contain 
a copper 
lead 
frame 
that 
allows 


heat to be effectively 
conducted 
away from the die, through 


the 
ground 
pins of the 
IC, and into the 
copper 
of the 
PC 


board. 
Details 
on heatsinking 
using 
PC board 
copper 
are 
covered 
later. 


To determine 
if a heatsink 
is required, 
the maximum 
power 


dissipated 
by the regulator, 
P(max), must be calculated. 
It is 


important 
to remember 
that if the regulator 
is powered 
from 


a transformer 
connected 
to 
the 
AC 
line, 
the 
maximum 


specified 
AC Input 
voltage 
must be used 
(since 
this pro- 


duces 
the maximum 
DC input voltage 
to the regulator). 
Fig- 


ure 1 shows 
the voltages 
and currents 
which 
are present 
in 


the circuit. 
The formula 
for calculating 
the power 
dissipated 


in the regulator 
is also shown 
in Figure 
1: 


IN 
OUT 


LP2952/ 
LP2953 


- 
TL/H/11127-7 


PTOTAL = (VIN - 
VOUT) IL + (VIN) IG 


FIGURE 
1. Current/Voltage 
Diagram 


The next parameter 
which 
must be calculated 
is the maxi- 


mum allowable 
temperature 
rise, TR(max). This is calculat- 


ed by using the formula: 


TR(max) = TJ(max) 
- 
TA(max) 


where: 
TJ(max) 
is the maximum 
allowable 
junction 
tempera- 


ture 


TA(max) 
is the maximum 
ambient 
temperature 


Using 
the 
calculated 
values 
for TR(max) 
and 
P(max) , the 


required 
value 
for junction-to-ambient 
thermal 
resistance, 
8(J-A), 
can now be found: 


8(J-A) 
= TR(max)/P(max) 


The heatsink 
is made using the PC board 
copper. 
The heat 


is conducted 
from 
the 
die, through 
the 
lead frame 
(inside 


the 
part), 
and 
out the 
pins 
which 
are soldered 
to the 
PC 


board. 
The pins used for heat conduction 
are: 


Part 
Package 
Pins 


LP29521N, LP2952AIN, 
14-Pin DIP 
3,4,5, 
LP2952IN-3.3, 
LP2952AIN-3.3 
10,11,12 


LP29531N, LP2953AIN, 
16-Pin DIP 
4,5,12,13 
LP2953IN-3.3, 
LP2953AIN-3.3 


LP29521M, 
LP2952AIM, 


LP2952IM-3.3, 
LP2952AIM-3.3, 
16-Pin Surface 
1,8,9,16 


LP29531M, 
LP2953AIM, 
Mount 


LP2953IM-3.3, 
LP2953AIM-3.3 


Figure 2 shows 
copper 
patterns 
which 
may be used to dissi- 


pate heat from the LP2952 
and LP2953: 


--·1 


}. 


-For best results, use L = 2H 


··14·Pin 
DIP is similar, refer to Table I for pins designated 
for heatsinking. 


FIGURE 
2. Copper 
Heatslnk 
Patterns 


Table 
II shows 
some values 
of junction-to-ambient 
thermal 
resistance 
(8J-N for values 
of Land 
W for 1 oz. copper: 


Package 
L(ln.) 
H (In.) 
8J-A 
('C/W) 


16-Pin DIP 
1 
0.5 
70 


2 
1 
60 


3 
1.5 
58 


4 
0.19 
66 


6 
0.19 
66 


14-Pin DIP 
1 
0.5 
65 


2 
1 
51 


3 
1.5 
49 


Surface 
Mount 
1 
0.5 
83 


2 
1 
70 


3 
1.5 
67 


6 
0.19 
69 


4 
0.19 
71 


2 
0.19 
73 • 


l1ange ueVlces) 
The 
maximum 
allowable 
power 
dissipation 
for 
the 
LP2953AMJ is limited by the maximumjunction temperature 
(+ 150°C) and the two parameters that determine how 
quickly heat flows away from the die: the ambient 
tempera- 


ture and 
the junction-to-ambient 
thermal 
resistance 
of the 


part. 
The military temperature range (-55°C';;: 
TJ ,;;:+150°C) 
parts are manufactured in ceramic DIP packages which con- 
tain a KOVAR lead frame (unlike the industrial parts, which 
have a copper lead frame). The KOVAR material is neces- 
sary to attain the hermetic seal required in military applica- 
tions. 
The KOVAR lead frame does not conduct heat as well as 
copper, which means that the PC board copper can not be 
used to significantly reduce the overall junction-to-ambient 
thermal resistance in applications using the LP2953AMJ 
part. 
The power dissipation calculations for military applications 
are done exactly the same as was detailed in the previous 
section, with one important exception: the value for 8(J-A), 
the 
junction-to-ambient 
thermal 
resistance, is fixed 
at 


95°C/Wand can not be changed by adding copper foil pat- 
terns to the PC board. This leads to an important fact: The 
maximum 
allowable 
power 
dissipation 
in any application 
us- 


ing the LP2953AMJ 
is dependent 
only on the ambient 
tem- 


perature: 


P(max) = TR(max)/ 8(J-A) 


P(max) = TJ(max)- TA(max) 
8(J-A) 


P(max) = 150 - TA(max) 
95 


Figure 3 shows a graph of maximum allowable power dissi- 
pation vs. ambient temperature for the LP2953AMJ, made 
using the 95°C/W value for 8(J-A) and assuming a maxi- 
mum junction temperature of 150°C (caution: the maximum 
ambient temperature which will be reached in a given appli- 
cation must always be used to calculate maximum allowable 
power dissipation). 
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A 2.2 I-'F (or greater) capacitor is required between the out- 
put pin and ground to assure stability when the output is set 
to 5V. Without this capacitor, the part will oscillate. Most 
type of tantalum or aluminum electrolytics will work here. 
Film types will work, but are more expensive. Many alumi- 
num electrolytics 
contain 
electrolytes 
which 
freeze 
at 
-30°C, 
which requires the use of solid tantalums below 
- 25°C. The important parameters of the capacitor are an 
ESR of about 5.0.or less and a resonant frequency above 
500 kHz (the ESR may increase by a factor of 20 or 30 as 
the temperature is reduced from 25°C to - 30°C). The value 
of this capacitor may be increased without limit. 


At lower values of output current, less output capacitance is 
required for stability. The capacitor can be reduced to 
0.68 I-'F for currents below 10 mA or 0.22 I-'F for currents 
below 1 mA. 


Programming the output for voltages below 5V runs the er- 
ror amplifier at lower gains requiring more 
output capaci- 
tance for stability. At 3.3V output, a minimum of 4.7 I-'F is 
required. For the worst-case condition of 1.23V output and 
250 mA of load current, a 6.8 I-'F (or larger) capacitor should 
be used. 
A 1 I-'F capacitor should be placed from the input pin to 
ground if there is more than 10 inches of wire between the 
input and the AC filter capacitor or if a battery input is used. 
Stray capacitance to the Feedback terminal can cause in- 
stability. This problem is most likely to appear when using 
high value external resistors to set the output voltage. Add- 
ing a 100 pF capacitor between the Output and Feedback 
pins and increasing the output capacitance to 6.8 I-'F (or 
greater) will cure the problem. 


MINIMUM 
LOAD 
When setting the output voltage using an external resistive 
divider, a minimum current of 1 I-'Ais recommended through 
the resistors to provide a minimum load. 


It should be noted that a minimum load current is specified 
in several of the electrical characteristic test conditions, so 
this value must be used to obtain correlation on these test- 
ed limits. 


-55 
0 
50 
100 
150 


AMBIENT 
TEMPERATURE 
(Oc) 
TLiH/11127-26 
FIGURE 
3. Power 
Derating 
Curve for LP2953AMJ 


Application Hints (Continued) 


PROGRAMMING THE OUTPUT VOLTAGE 
The regulator may be pin-strapped for 5V operation using its 
internal resistive divider by tying the Output and Sense pins 
together and also tying the Feedback and 5V Tap pins to- 
gether. 
Alternatively, it may be programmed for any voltage be- 
tween the 1.23V reference and the 30V maximum rating 
using an external pair of resistors (see Figure 4). The com- 
plete equation for the output voltage is: 


VOUT= VREFX (1 + :~) 
+ (IFB X R1) 


where VREFis the 1.23V reference and IFBis the Feedback 
pin bias current (-20 
nA typical). The minimum recom- 


mended load current of 1 I-'A sets an upper limit of 1.2 Mfl 
on the value of R2 in cases where the regulator must work 
with no load (see MINIMUM LOAD). IFBwill produce a typi- 
cal 2% error in VOUTwhich can be eliminated at room tem- 
perature by trimming R1. For better accuracy, choosing 
R2 = 100 kfl will reduce this error to 0.17% while increas- 
ing the resistor program current to 12 I-'A. Since the typical 
quiescent current is 120 I-'A,this added current is negligible. 


SHUTDOWN 


INPUT·· 


orr~ON 


FIGURE 4. Adjustable Regulator 


-See Application 
Hints 


··Orive wfth TTL·low to shut down 


DROPOUT VOLTAGE 
The dropout voltage of the regulator is defined as the mini- 
mum input-to-output voltage differential required for the out- 
put voltage to stay within 100 mV of the output voltage mea- 
sured with a 1V differential. The dropout voltage is indepen- 
dent of the programmed output voltage. 


DROPOUT DETECTION COMPARATOR 
This comparator produces a logic "LOW" whenever the out- 
put falls out of regulation by more than about 5%. This fig- 
ure results from the comparator's built-in offset of 60 mV 
divided by the 1.23V reference (refer to block diagrams on 
page 1). The 5% low trip level remains constant regardless 
of the programmed output voltage. An out-of-regulation con- 
dition can result from low input voltage, current limiting, or 
thermal limiting. 


Figure 
5 gives a timing diagram showing the relationship 
between the output voltage, the ERROR output, and input 
voltage as the input voltage is ramped up and down to a 
regulator programmed for 5V output. The ERROR signal be- 
comes low at about 1.3V input. It goes high at about 5V 
input, where the output equals 4.75V. Since the dropout 
voltage is load dependent, the Input voltage trip points will 
vary with load current. The output voltage trip point does 
not vary. 
The comparator has an open-collector output which re- 
quires an external pull-up resistor. This resistor may be con- 
nected to the regulator output or some other supply voltage. 
Using the regUlator output prevents an invalid "HIGH" on 
the comparator output which occurs if it is pUlled up to an 
external voltage while the regulator input voltage is reduced 
below 1.3V. In selecting a value for the pull-up resistor, note 
that while the output can sink 400 I-'A, this current adds to 
battery drain. Suggested values range from 100 kfl 
to 
1 Mfl. This resistor is not required if the output is unused. 
When VIN ,;; 1.3V,the error flag pin becomes a high imped- 
ance, allowing the error flag voltage to rise to its pull-up 
voltage. Using VOUTas the pull-up voltage (rather than an 
external 5V source) will keep the error flag voltage below 
1.2V (typical) in this condition. The user may wish to divide 
down the error flag voltage using equal-value resistors 
(10 kfl suggested) to ensure a low-level logic signal during 
any fault condition, while still allowing a valid high logic level 
during normal operation. 
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Tl/H/11127-10 


FIGURE 5. ERROR Output Timing 


-In shutdown 
mode, rnRL5R 
will go high if it has been pulled 
up to an 


external supply . To avoid this invalid response, 
pull up to regulator output. 


··Exact 
value depends on dropout voltage. (See Application 
Hints) 


OUTPUT ISOLATION 


The regulator output can be left connected to an active volt- 
age source (such as a battery) with the regulator input pow- 
er shut off, as long as the regulator 
ground pin is con- 
nected to ground. If the ground pin is left floating, damage 
to the regulator can occur if the output is pulled up by an 
external voltage source. 


Application 
Hints (Continued) 


REDUCING 
OUTPUT 
NOISE 


In reference 
applications 
it may be advantageous 
to reduce 


the AC noise 
present 
on the output. 
One 
method 
is to re- 


duce regulator 
bandwidth 
by increasing 
output 
capacitance. 
This is relatively 
inefficient, 
since 
large increases 
in capaci- 


tance 
are required 
to get significant 
improvement. 


Noise can be reduced 
more effectively 
by a bypass 
capaci- 


tor placed 
across 
R1 (refer 
to A'gure 
4). 
The formula 
for 
selecting 
the capacitor 
to be used is: 


C 
_ 
1 
B - 
27T R1 X 20 Hz 


This gives 
a value 
of about 
0.1 /LF. When 
this is used, the 


output 
capacitor 
must 
be 6.8 
/LF (or greater) 
to 
maintain 


stability. 
The 0.1 /LF capacitor 
reduces 
the high frequency 


gain of the 
circuit 
to unity, 
lowering 
the output 
noise 
from 


260 /LV to 80 /LV using a 10 Hz to 100 kHz bandwidth. 
Also, 


noise is no longer 
proportional 
to the output 
voltage, 
so im- 


provements 
are more 
pronounced 
at high output 
voltages. 


AUXILIARY 
COMPARATOR 
(LP2953 
only) 


The LP2953 
contains 
an auxiliary 
comparator 
whose 
invert- 


ing input is connected 
to the 1.23V reference. 
The auxiliary 


comparator 
has an open-collector 
output 
whose 
electrical 


characteristics 
are similar to the dropout 
detection 
compar- 


ator. The non-inverting 
input and output 
are brought 
out for 


ex1ernal connections. 


SHUTDOWN 
INPUT 


A logic-level 
signal will shut off the regulator 
output 
when 
a 


"LOW" 
« 
1.2V) is applied 
to the Shutdown 
input. 


To prevent 
possible 
mis-operation, 
the Shutdown 
input must 


be actively 
terminated. 
If the input is driven 
from 
open-col- 


lector logic, a pull-up resistor 
(20 kl1 to 100 kl1 recommend- 
ed) should 
be connected 
from 
the Shutdown 
input 
to the 


regulator 
input. 


If the Shutdown 
input is driven 
from 
a source 
that 
actively 
pulls 
high and low (like an op-amp), 
the pull-up 
resistor 
is 


not required, 
but may be used. 


If the shutdown 
function 
is not to be used, the cost 
of the 


pull-up 
resistor 
can be saved 
by simply 
tying the Shutdown 


input directly 
to the regulator 
input. 


IMPORTANT: 
Since 
the Absolute 
Maximum 
Ratings 
state 
that the Shutdown 
input can not go more than 0.3V below 


ground, 
the 
reverse-battery 
protection 
feature 
which 
pro- 


tects the regulator 
input is sacrificed 
if the Shutdown 
input is 


tied directly 
to the regulator 
input. 


If reverse-battery 
protection 
is required 
in an application, 
the 


pull-up 
resistor 
between 
the Shutdown 
input and the regula- 


tor input must be used. 


Pinout Drawings 
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COWP 
INPUT 
NC 
2 
" 


INPUT 


INPUT , 
" 
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Ordering Information 


LP2952 


Order 
Temp. 
NSC 


Number 
Range 
Package 
Drawing 


(TJ)"C 
Number 


LP29521N, LP2952AIN, 
-40to 
14-Pin 


LP2952IN-3.3, 
Molded DIP 
N14A 
+125 


LP2952AIN-3.3 


LP29521M,LP2952AIM, 
16-Pin 
-40to 
LP2952IM-3.3, 
+125 
Surface 
M16A 


LP2952AIM-3.3 
Mount 


Order 
Temp. 
NSC 


Number 
Range 
Package 
Drawing 


(TJ)"C 
Number 


LP29531N, LP2953AIN, 
-40 
to 
16-Pin 


LP2953IN-3.3, 
Molded DIP 
N16A 
+125 


LP2953AIN-3.3 


LP29531M, LP2953AIM, 
-40to 
16-Pin 


LP2953IM-3.3, 
+125 
Surface Mount 
M16A 


LP2953AIM-3.3 


-55to 
16-Pin 
LP2953AMJ/883 
+150 
J16A 
Ceramic DIP 


+VIN 


V TAP 
V 


OUT 


fB 
SENSE 


LP2952/ 


LP2953 


Low T.C. Current 
Sink 


V+ = 2.3 to 30V 
._J~I~ 
I 
I 
I 
I.-- 


I 
LOAD 
: IL= 1.23 


I 
R 
-" 


VOUT 


LP2952/ 


LP2953 
SO 


GND 


5V Current 
Limiter 
with 
Load 
Fault 
Indicator 


5V 
BUS 


+VIN 


V TAP 


fB 


VOUT 


SENSE 


LP2953 


TL/H/11127-16 


·Output voltage equals +VIN minum dropout voltage. which varies with out- 
put current. Current limits at a maximum of 380 mA (typical). 


··Select 
R1 so that the comparator 
input voltage 
is 1.23V at the output 


voltage which corresponds 
to the desired fault current value. 


5V Regulator 
with 
Error 
Flags for 
LOW BATTERY 
and OUT OF REGULATION 


+V1N 
= 
6V 
V TAP 
VOUT 


fB 
SENSE 
SV OUT 


LP2953 
1~ 
1~ 
3Hk 
1 )'F 


CO~P 
CO~P 
INPUT 
OUT 
• LOW BATT 


ERR 


lOOk 
• OUT OF 


REGULATION 


·Connect 
to Logic or fLP control inputs. 


LOW SAIT 
flag warns the user that the battery 
has discharged 
down to 


about 5.8V. giving the user time to recharge the battery or power down some 
hardware 
with high power requirements. 
The output is still in regulation 
at 


this time. 


OUT OF REGULATION 
flag indicates when the battery is almost completely 


discharged, 
and can be used to initiate a power-down 
sequence. • 


The circuit switches to the 
NI-CAD 
backup 
battery 
when the main battery volt- 
age 
drops 
below 
about 


5.6V, 
and 
returns to 
the 
main battery when its volt- 
age is recharged to about 
BY. 


The 5Y MAIN output pow- 
ers circuitry which requires 
no 
backup, 
and 
the 
5Y 
MEMORY 
output 
powers 
critical circuitry which can 
not be allowed to lose pow- 
er. 


°The 
BATTERY 
LoW 
flag 
goes low whenever the cir- 
cuit switches to the NI·CAD 
backup battery. 


BV 


LEAD :=: 


ACID 
IN 


MAIN 
914 


5V Regulator 
with Timed 
Power-On 
Reset 


Y,N 


+V,N 
5V 
OUT 
V TAP 
Your 
1 MEG 
Rr 
FB 
SENSE 


1 !J.F 
LP2953 
2.2 
lOOk 


COMP 
COMP 
!J.F 


INPUT 
OUT 
RESET 


ERR 
TO !J.P 


0.1 
GND 


Cr 
!J.F 


+V1N 
Your 


SO 
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V TAP 
+ 


COMP 
FB 
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lOOk 
2.2 


LP2953 
!J.F 


COMP 
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GND 


5V 


NICAD 
_ 


BACKUP -=- 


Timing 
Diagram 
for Timed 
Power-On 
Reset 
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TL/H/11127-21 


5V Regulator 
with Snap-On/Snap-Off 
Feature 
and Hysteresis 


+VIN 
V TAP 
VOUT 
FB 
SENSE 


I !,F 
LP2952 
2.2 


SHUT 
!,F 


DOWN 


GND 


7.5N 
5V OUT 


220 
pF 


'Turns 
ON at V,N ~ 5.B7V 


Turns OFF at V,N ~ 5.64V 


(for component 
values shown) 


5V Regulator 
with Error Flags for 
LOW BATTERY 
and OUT OF REGULATION 
with SNAP-ON/SNAP-OFF 
Output 


220 
pF 
10 
N 
+V1N 
;;; 
187k 
[ 


V TAP 
5V OUT 


VOUT 


FB 
SENSE f- 


1 !,F 
LP2953 
IN 
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6V 
2k 
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CONP 
CONP 
INPUT 
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S7D 
• LOW BATT 


ERR 


49.9k 
GND 
• OUT 
OF' 


1 


REGULATION 


11+ 
....L 
1'2.2 


'Connect 
to Logic or J.LP control inputs. 


OUTPUT has SNAP-DN/SNAP·OFF 
feature. 


LOW 8A IT 
flag warns the user that the battery has discharged down to 


about 5.8V, giving the user time to recharge the battery or shut down hard- 


ware 
with 
high 
power 
requirements. 
The 
output 
is still 
in regulation 
at this 


time. 


OUT OF REGULATION 
flag goes low if the output goes below about 4.7V, 


which could occur from a load fault. 


OUTPUT has SNAP·ON/SNAP·OFF 
feature. 
Regulator 
snaps ON at about 


5.7V input, and OFF at about 5.6V. 


5V Regulator 
with Timed 
Power-On 
Reset, Snap-On/Snap-Off 
Feature 
and Hysteresis 


Timing 
Diagram 
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t!JNational 
Semiconductor 


LP2954/LP2954A 
5V Micropower 
Low-Dropout 
Voltage Regulators 


General Description 
The LP2954 is a three-terminal, 5V micropower voltage reg- 
ulator with very low quiescent current (90 /-LAtypical at 1 mA 
load) and very low dropout voltage (typically 60 mV at light 
loads and 470 mV at 250 mA load current). 
The quiescent current increases only slightly at dropout 
(120 /-LAtypical), which prolongs battery life. 
The LP2954 is available in the three-lead TO-220 and 
TO-263 packages. 


Reverse battery protection is provided. 
The tight line and load regulation (0.04% typical), as well as 
very low output temperature coefficient make the LP2954 
well suited for use as a low-power voltage reference. 
The accuracy of the 5V output is guaranteed at both room 
temperature and over the entire operating tempe(ature 
range. 


Features 
• 
5V output within 1.2% over temperature (A grade) 


• 
Guaranteed 250 mA output current 


• 
Extremely low quiescent current 
• 
Low dropout voltage 
• 
Reverse battery protection 
• 
Extremely tight line and load regulation 
• 
Very low temperature coefficient 
• 
Current and thermal limiting 
• 
Pin compatible with LM2940 and LM340 


Applications 
• 
High-efficiency linear regulator 
• 
Low dropout battery-powered regulator 


~===:~~~PUT 
L.JLj====:'NPUT 


Front View 


Order 
Number 
LP2954AIT 
or LP29541T 
See NS Package 
T03B 


TO-263 
3-Lead 
Plastic Surface-Mount 
Package 
il 


OUTPUT 


TAB IS 
GND 
GND 


INPUT 


Side View 


Order 
Number 
LP2954AIS 
or LP29541S 
See NS Package 
TS3B 


Order 
Number 
Temp. 
Range 
Package 
NSPackage 
(TJ)'C 
(JEDEC) 
Number 


LP2954AIT 


-40to 
+125 
TO-220 
T03B 
LP29541T 


LP2954AIS 
-40 to +125 
TO-263 
TS3B 
LP29541S 


Absolute Maximum Ratings 
(Note 1) 
If Military/Aerospace 
specified devices are required, 
Lead Temperature 
please 
contact 
the 
National 
Semiconductor 
Sales 
(Soldering, 
5 seconds) 
260'C 
Office/Distributors for availability and specifications. 
Power Dissipation 
(Note 2) 
Internally 
Limited 


Operating 
Junction 
Temperature 
Range 
Input Supply Voltage 
-20Vto 
+30V 


LP2954AI/LP29541 
- 40'C to + 125'C 
ESD Rating 
2kV 
Storage 
Temperature 
Range 
- 65'C to + 150'C 


Electrical Characteristics 
Limits in standard 
typeface 
are for TJ = 25'C, bold typeface 
applies 
over the 


- 40'C to + 125'C temperature 
range. 
Limits 
are guaranteed 
by production 
testing 
or correlation 
techniques 
using 


standard 
Statistical 
Quality 
Control 
(SQC) methods. 
Unless 
otherwise 
noted: 
VIN = 6V, IL = 1 mA, CL = 2.2 ,...F. 


Symbol 
Parameter 
Conditions 
Typical 
2954AI 
29541 
Units 
Mln 
Max 
Min 
Max 


Vo 
Output 
Voltage 
5.0 
4.975 
5.025 
4.950 
5.050 
4.940 
5.080 
4.900 
5.100 
V 


1 mA ,;; IL ,;; 250 mA 
5.0 
4.930 
5.070 
4.880 
5.120 


I:1Vo 
Output 
Voltage 
(Note 3) 
20 
100 
150 
ppmrc 


I:1T 
Temp. Coefficient 


I:1Vo 
Line Regulation 
VIN = 6V to 30V 
0.03 
0.10 
0.20 
% 
Vo 
0.20 
0.40 


I:1Vo 
Load Regulation 
'L = 1 to 250 mA 
0.16 
0.20 


Vo 
IL = 0.1 t01 
mA 
0.04 
0.20 
0.30 
% 


(Note 4) 


V,N-VO 
Dropout 
Voltage 
IL = 1 mA 
60 
100 
100 


(Note 5) 
150 
150 


IL = 50 mA 
240 
300 
300 
420 
420 
mV 
IL = 100mA 
310 
400 
400 
520 
520 


IL = 250 mA 
470 
600 
600 
800 
800 


IGND 
Ground 
Pin Current 
IL = 1 mA 
90 
150 
150 
,...A 


(Note 6) 
180 
180 


IL = 50 mA 
1.1 
2 
2 
2.5 
2.5 


IL = 100mA 
4.5 
6 
6 
mA 
8 
8 


IL = 250 mA 
21 
28 
28 
33 
33 


IGND 
Ground 
Pin 
VIN = 4.5V 


Current 
at Dropout 
120 
170 
170 
,...A 


(Note 6) 
210 
210 


ILiMIT 
Current 
Limit 
VOUT = OV 
500 
500 
380 
mA 
530 
530 


I:1Vo 
Thermal 
Regulation 
(Note 7) 
0.05 
0.2 
0.2 
%/W 
I:1Pd 


en 
Output 
Noise 
CL = 2.2,...F 
400 
Voltage 


(10 Hz to 100 kHz) 
CL = 33,...F 
,...VRMS 


IL = 100mA 
260 


device outside of its rated operating conOltlons. 


Note 2: The maximum allowable 
power dissipation 
is a function of the maximum junction temperature, 
TJ (MAX), the junction-ta-ambient 
thermal resistance, 
8J-A, 


and the ambient temperature, 
TA. The maximum allowable 
power dissipation 
at any ambient temperature 
is calculated 
using: P(MAX) = TJ (MAX) - 
TA . 
8J_A 


Exceeding the maximum allowable power dissipation will result in excessive die temperature, 
and the regulator will go into thermal shutdown. The junction-to-ambi- 


ent thermal resistance 
of the TO-220 (without heatsink) is errc/w 
and 73·C/W 
for the TO-263. If the TO-263 package is used, the thermal resistance 
can be 
reduced by increasing the P.C. board copper area thermally connected 
to the package: Using 0.5 square inches of copper area, 8JA is 50·C/W; 
with 1 square inch 


of copper area, 8JA is 3rC/W; 
and with 1.6 or more square inches of copper area, 8JA is 3ZOC/W. The junction-to-case 
thermal resistance is 3·C/W. 
If an external 
heatsink is used, the effective junction-to-ambient 
thermal resistance is the Bum of the junction-to-case 
resistance 
(3·C/W), 
the specified thermal resistance 
of the 
heatsink selected, 
and the thermal resistance 
of the interface 
between the heatsink and the LP2954. Some typical values are listed for interface 
materials used 


with TO-220: 


Silicone grease 


Dl)'interface 


Mica with grease 


Thermasillll 


Thermasilll 


Thermalfilm 
(0.002) with grease 


Note 3: Output voltage temperature 
coefficient 
is defined as the worst case voltage change divided by the total temperature 
range. 


Note 4: Regulation 
is measured 
at constant 
junction temperature 
using low duty cycle pulse testing. Parts are tested separately 
for load regUlation in the load 


ranges 0.1 mA-1 
mA and 1 mA-250 
mA. Changes in output voltage due to heating effects are covered by the thermal regulation 
specification. 


Note 5: Dropout voltage is defined as the input to output differential 
at which the output voltage drops 100 mV below the value measured with a tV differential. 


Note 6: Ground pin current is the regulator quiescent current. The total current drawn from the source is the sum of the load current plus the ground pin current. 


Note 7: Thermal regulation is defined as the change in output voltage at a time T after a change in power dissipation 
is applied, excluding 
load or line regulation 
effects. 
Specifications 
are for 200 mA load pulse at V,N = 20V (3W pulse) for T ~ 
10 ms. 


Note 8: When used in dual-supply 
systems where the regUlator load is returned to a negative supply, the output voltage must be diode-clamped 
to ground. 


Typical Performance 
Characteristics 
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TEWPERATURE 
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Typical Performance 
Characteristics 
(Continued) 
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Application 
Hints 


EXTERNAL 
CAPACITORS 


A 2.2 
fLF (or greater) 
capacitor 
is required 
between 
the 
output 
pin and the ground 
to assure 
stability 
(refer to Figure 


1). Without 
this capacitor, 
the part may oscillate. 
Most types 


of tantalum 
or aluminum 
electrolytics 
will work 
here. 
Film 


types 
will work, 
but are 
more 
expensive. 
Many 
aluminum 


electrolytics 
contain 
electrolytes 
which 
freeze 
at 
-30'C, 
which 
requires 
the use of solid tantalums 
below 
- 2S'C. The 


important 
parameters 
of the capacitor 
are an ESR of about 
SO or less and a resonant 
frequency 
above 
SOO kHz (the 
ESR may increase 
by a factor 
of 20 or 30 as the tempera- 


ture is reduced 
from 
2S'C to -30'C). 
The value 
of this ca- 
pacitor 
may be increased 
without 
limit. At lower 
values 
of 


output 
current, 
less output 
capacitance 
is required 
for stabil- 


ity. The 
capacitor 
can be reduced 
to 0.68 
fLF for currents 


below 
10 mA or 0.22 fLF for currents 
below 
1 mA. 


A 1 fLF capacitor 
should 
be placed 
from 
the 
input 
pin to 


ground 
if there 
is more than 
10 inches 
of wire between 
the 


input and the AC filter capacitor 
or if a battery 
input is used. 


MINIMUM 
LOAD 


It should 
be noted 
that a minimum 
load current 
is specified 


in several 
of the electrical 
characteristic 
test conditions, 
so 


this value 
must be used to obtain 
correlation 
on these test- 
ed limits. The part is parametrically 
tested 
down to 100 fLA, 


but is functional 
with no load. 


DROPOUT 
VOLTAGE 


The dropout 
voltage 
of the regulator 
is defined 
as the mini- 


mum input-to-output 
voltage 
differential 
required 
for the out- 
put voltage 
to stay within 
100 mV of the output voltage 
mea- 


sured with a 1V differential. 
The dropout 
voltages 
for various 


values 
of load current 
are listed under 
Electrical 
Character- 


istics. 


If the regulator 
is powered 
from a rectified 
AC source with a 


capacitive 
filter, the minimum 
AC line voltage 
and maximum 


load current 
must be used to calculate 
the minimum 
voltage 


at the 
input 
of the 
regulator. 
The 
minimum 
input 
voltage, 


Including 
AC ripple on the filter capacitor, 
must not drop 


below the voltage 
required 
to keep the LP29S4 in regulation. 


It is also advisable 
to verity operating 
at minimum 
operating 


ambient 
temperature, 
since the increasing 
ESR of the filter 


capacitor 
makes 
this a worst-case 
test for dropout 
voltage 


due to increased 
ripple amplitude. 


HEATSINK 
REQUIREMENTS 


A heatsink 
may be required 
with the LP29S4 
depending 
on 


the maximum 
power dissipation 
and maximum 
ambient 
tem- 


perature 
of 
the 
application. 
Under 
all 
possible 
operating 


conditions, 
the 
junction 
temperature 
must 
be 
within 
the 


range 
specified 
under Absolute 
Maximum 
Ratings. 


To determine 
if a heatsink 
is required, 
the maximum 
power 


dissipated 
by the regulator, 
P(max), must be calculated. 
It is 


important 
to remember 
that if the regulator 
is powered 
from 


a transformer 
connected 
to 
the 
AC 
line, 
the 
maximum 


specified 
AC Input voltage 
must be used (since 
this pro- 


duces 
the maximum 
DC input voltage 
to the regulator). 
Fig- 
ure 1 shows 
the voltages 
and currents 
which 
are present 
in 


·See External Capacitors 


PTol., 
~ 
(V,N - 5) IL+ (V,N) IG 


FIGURE 
1. Basic 5V Regulator 
Circuit 


the circuit. The formula 
for calculating 
the power 
dissipated 
in the regulator 
is also shown 
in Figure 
1. 


The next parameter 
which 
must be calculated 
is the maxi- 
mum allowable 
temperature 
rise, TR(max). This is calculat- 


ed by using the formula: 


TR(max) 
= TJ(max) 
- 
TA(max) 


where: 
TJ(max) 
is the maximum 
allowable 
junction 
temperature 
TA(max) is the maximum 
ambient 
temperature 


Using 
the 
calculated 
values 
for TR(max) 
and 
P(max), 
the 


required 
value 
for 
junction-to-ambient 
thermal 
resistance, 
6(J-A), can now be found: 


6(J-A) = TR(max)/P(max) 


If the calculated 
value 
is 60' 
C/W 
or higher, 
the regulator 


may be operated 
without 
an external 
heatsink. 
If the calcu- 


lated value 
is below 
60' C/W, 
an external 
heatsink 
is re- 
quired. The required 
thermal 
resistance 
for this heatsink 
can 
be calculated 
using the formula: 


6(H-A) = 6(J-A) - 
6(J_C) - 
6(C-H) 


where: 


6(J_C) is the 
junction-to-case 
thermal 
resistance, 
which 
is 


specified 
as 3' C/W 
maximum 
for the LP29S4. 


6(C-H) is the case-to-heatsink 
thermal 
resistance, 
which 
is 


dependent 
on the interfacing 
material 
(if used). 
For details 


and typical 
values, 
refer to Note 
2 listed 
at the end of the 


ELECTRICAL 
CHARACTERISTICS 
section. 


6(H-A) is the 
heatsink-to-ambient 
thermal 
resistance. 
It is 


this specification 
(listed on the heatsink 
manufacturers 
data 


sheet) 
which 
defines 
the effectiveness 
of the heatsink. 
The 


heatsink 
selected 
must have a thermal 
resistance 
which 
is 


equal to or lower 
than the value of 6(H-A) calculated 
from 


the above 
listed formula. 


OUTPUT 
ISOLATION 


The regulator 
output can be left connected 
to an active volt- 


age source 
(such as a battery) 
with the regulator 
input pow- 


er turned 
off, as long as the regulator 
ground 
pin Is con- 


nected 
to ground. 
If the ground 
pin is left floating, 
damage 
to the regulator 
can occur 
if the output 
is pUlled up by an 


external 
voltage 
source. 


fII 


5V Current 
Limiter 


5V 
BUS 


TL/H/11128-7 


·Output voltage equals +VIN minus dropout voltag8, which varies with out- 
put current. Current limits at 380 mA (typical). 


t!JNational 
Semiconductor 


LP2956/LP2956A 
Dual Micropower 
Low-Dropout 
Voltage Regulators 


General Description 


The LP2956 
is a micropower 
voltage 
regulator 
with very low 


quiescent 
current 
(170 
J-LAtypical 
at light 
loads) 
and verY 
low dropout 
voltage 
(typically 
60 mV at 1 mA load current 


and 470 mV at 250 mA load current 
on the main output). 


The 
LP2956 
retains 
all the desirable 
characteristics 
of the 


LP2951, 
but offers 
increased 
output 
current 
(main 
output), 
an auxiliary 
LOO adjustable 
regulated 
output 
(75 mAl, 
and 


additional 
features. 


The auxiliary 
output 
is always 
on (regardless 
of main output 


status), 
so it can be used to power 
memory 
circuits. 


Quiescent 
current 
increases 
only slightly 
at dropout, 
which 


prolongs 
battery 
life. 


The error flag goes low if the main output 
voltage 
drops out 


of regulation. 


An open-collector 
auxiliary 
comparator 
is included, 
whose 


inverting 
input is tied to the 1.23V reference. 


Reverse 
battery 
protection 
is provided. 


The 
parts 
are available 
in plastic 
DIP and 
surface 
mount 


packages. 


Features 


• 
Output 
voltage 
adjusts 
from 
1.23V to 29V 


• 
Guaranteed 
250 mA current 
(main output) 


• 
Auxiliary 
LDO (75 mAl adjustable 
output 


• 
Auxiliary 
comparator 
with open-collector 
output 


• 
Shutdown 
pin for main output 


• 
Extremely 
low quiescent 
current 


• 
Low dropout 
voltage 
• 
Extremely 
tight line and load regulation 


• 
Very low temperature 
coefficient 


• 
Current 
and thermal 
limiting 


• 
Reverse 
battery 
protection 


Applications 


• 
High-efficiency 
linear regulator 


• 
Low dropout 
battery-powered 
regulator 


• 
J-LPsystem 
regulator 
with switchable 
high-current 
VCC 
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Order 
Number 
LP29561N or LP2956AIN 
See NS Package 
Number 
N16A 
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Order 
Number 
LP29561M or LP2956AIM 
See NS Package 
Number 
M16A 


Absolute Maximum Ratings 
(Note 1) 


If Military/Aerospace 
specified devices are required, 
Input Supply Voltage 
-20Vto 
+30V 
please 
contact 
the 
National 
Semiconductor 
Sales 
Feedback 
Input Voltage 
(Note 3) 
-0.3Vto 
+5V 
Office/Distributors for availability and specifications. 
Aux. Feedback 
Input Voltage 
(Note 3) 
-0.3Vto 
+5V 
Storage 
Temperature 
Range 
- 65'C to + 150'C 
Shutdown 
Input Voltage 
(Note 3) 
-0.3V 
to + 30V 
Operating 
Junction 
Comparator 
Input Voltage 
(Notes 3, 4) 
-0.3Vto 
+30V 
Temperature 
Range 
- 40'C to + 125'C 


Lead Temperature 
Comparator 
Output Voltage 
(Notes 3, 4) 
- 0.3V to + 30V 


(Soldering, 
5 seconds) 
260'C 
ESD Rating (Note 16) 
2kV 


Power Dissipation 
(Note 2) 
Internally 
Limited 


Electrical Characteristics 
Limits in standard 
typeface 
are for TJ = 25'C, 
and limits 
in boldface 
type 
apply 
over the full operating 
temperature 
range. 
Limits are guaranteed 
by production 
testing 
or correlation 
techniques 
using standard 
Statistical 
Quality 
Control 
(SQC) methods. 


Unless 
otherwise 
specified: 
VIN = 6V, CL = 2.2 JLF (Main Output) 
and 10 JLF (Auxiliary 
Output), 
Feedback 
pin is tied to 5V Tap 
pin, CIN = 
1 JLF, VSD = OV, Main Output 
pin is tied to Output 
Sense 
pin, Auxiliary 
Output 
is programmed 
for 5V. The main 
regulator 
output 
has a 1 mA load, the auxiliary 
regulator 
output 
has a 100 JLA load. 


LP2956AI 
LP29561 
Symbol 
Parameter 
Conditions 
Typical 
Units 


Mln 
Max 
Min 
Max 


MAIN OUTPUT 
. 


Vo 
Output Voltage 
5.0 
4.975 
5.025 
4.950 
5.050 


4.940 
5.060 
4.900 
5.100 
V 


1 mA s; IL s; 250 mA 
5.0 
4.930 
5.070 
4.880 
5.120 


6.VO 
Temperature 
Coefficient 
(Note 5) 
20 
100 
150 
ppm/'C 
6.T 


6.Vo 
Line Regulation 
VIN = 6V to 30V 
0.03 
0.1 
0.2 
% 
Vo 
0.2 
0.4 


6.Vo 
Load Regulation 
IL = 1 mAt0250mA 
0.04 
0.16 
0.20 
% 
Vo 
IL = 0.1 mA to 1 mA (Note 6) 
0.20 
0.30 


VIN-VO 
Dropout 
Voltage 
IL = 1 mA 
60 
100 
100 
(Note 7) 
150 
150 


'L = 50mA 
240 
300 
300 


420 
420 
mV 


IL = 100mA 
310 
400 
400 


I 
520 
520 


IL = 250 mA 
470 
600 
600 


800 
800 


ILiMIT 
Current 
Limit 
RL = 10 
500 
500 
380 
mA 
530 
530 


6.Vo 
Thermal 
Regulation 
(Note 8) 
0.05 
0.2 
0.2 
%/w 
6.PD 


en 
Output 
Noise Voltage 
CL = 2.2 JLF 
400 


(10 Hz to 100 KHz) 
CL = 33 JLF 
260 
JLV RMS 
IL = 100mA 
CL = 33 JLF (Note 9) 
80 


Electrical Characteristics 
Limits 
in standard 
typeface 
are for TJ = 
25'C, 
and limits in boldface 
type 
apply 
over the full operating 
temperature 
range. 
Limits are guaranteed 
by production 
testing 
or correlation 
techniques 
using standard 
Statistical 
Quality 
Control 
(SQC) methods. 


Unless 
otherwise 
specified: 
VIN = 6V, CL = 
2.2 J.'F (Main Output) 
and 10 J.'F (Auxiliary 
Output), 
Feedback 
pin is tied to 5V Tap 
pin, CIN = 
1 J.'F, Vso 
= 
OV, Main Output 
pin is tied to Output 
Sense 
pin, Auxiliary 
Output 
is programmed 
for 5V. The main 


regulator 
output 
has a 1 mA load, the auxiliary 
regulator 
output 
has a 100 J.'A load. (Continued) 


LP2956AI 
LP29561 
Symbol 
Parameter 
Conditions 
Typical 
Units 
Min 
Max 
Min 
Max 


MAIN OUTPUT 
(Continued) 


VFB 
Feedback 
Pin Voltage 
1.23 
1.215 
1.245 
1.205 
1.255 
V 


IFB 
Feedback 
Pin Bias Current 
20 
40 
40 
nA 
60 
60 


10 
Output 
Leakage 
1(50 IN) ;:, 1 J.'A 
3 
10 
10 


J.'A 
(OFF) 
In Shutdown 
VIN = 30V, VOUT = OV 
20 
20 


AUXILIARY 
OUTPUT 


VFB 
Feedback 
Pin Voltage 
1.23 
1.22 
1.25 
1.21 
1.26 
V 
1.21 
1.26 
1.20 
1.27 


AVFB 
Feedback 
Voltage 
20 
ppml'C 
AT 
Temperature 
Coefficient 


IFB 
Feedback 
Pin Bias Current 
10 
20 
20 
30 
30 
nA 


AVO 
Line Regulation 
6V,,; 
VIN"; 
30V 
0.07 
0.3 
0.4 


% 
Va 
0.5 
0.6 


AVo 
Load Regulation 
IL = 0.1 mA to 1 mA 
0.1 
0.3 
0.4 
% 


Va 
IL = 
1 mA to 75 mA (Note 10) 
0.6 
1.0 


VIN-VO 
Dropout 
Voltage 
IL= 
1 mA 
100 
200 
200 
mV 
300 
300 


IL = 50mA 
400 
600 
600 
mV 
700 
700 


IL = 75 mA 
500 
700 
700 
850 
850 
mV 


en 
Output 
Noise 
CL = 
10J.'F 
300 


(10 Hz-100 
KHz) 
CL = 33 J.'F (Note 9) 
100 
J.'VRMS 
IL = 
10mA 


IUM 
Current 
Limit 
VOUT = OV (Note 13) 
80 
200 
200 
250 
250 


mA 


AVo 
Thermal 
Regulation 
(Note 8) 
0.2 
0.5 
0.5 
%/W 
APo 


DROPOUT 
DETECTION 
COMPARATOR 


10H 
Output 
"HIGH" 
Leakage 
VOH = 30V 
0.01 
1 
1 
2 
2 
J.'A 


VOL 
Output 
"LOW" 
Voltage 
VIN = 4V 
150 
250 
250 


mV 
10 (COMP) 
= 400 J.'A 
400 
400 


VTHR 
Upper Threshold 
Voltage 
(Note 11) 
-240 
-320 
-150 
-320 
-150 


(max) 
-380 
-100 
-380 
-100 
mV 


- 
- 
. 
- 
~. 
, 


Unless 
otherwise 
specified: 
VIN = 6V, CL = 2.2 I-'F (Main Output) 
and 10 I-'F (Auxiliary 
Output), 
Feedback 
pin is tied to 5V Tap 


pin, CIN = 
1 I-'F, VSO = OV, Main Output 
pin is tied to Output 
Sense 
pin, Auxiliary 
Output 
is programmed 
for 5V. The 
main 


regulator 
output 
has a 1 mA load, the auxiliary 
regulator 
output 
has a 100 I-'A load. (Continued) 


LP2956AI 
LP29561 


Symbol 
Parameter 
Conditions 
Typical 
Units 
Min 
Max 
Mln 
Max 


DROPOUT 
DETECTION 
COMPARATOR 
(Continued) 


VTHR 
Lower Threshold 
Voltage 
(Note 11) 
-350 
-450 
-230 
-450 
-230 


mV 
(min) 
-640 
-160 
-640 
-160 


HYST 
Hysteresis 
(Note 11) 
110 
mV 


SHUTDOWN 
INPUT 


IIN 
Input Current to Disable Output 
(Note 12) 
0.03 
0.5 
0.5 
I-'A 


VIH 
Shutdown 
Input High Threshold 
1(50 IN) ~ 1 I-'A 
900 
900 
mV 
1200 
1200 


VIL 
Shutdown 
Inpu1 Low Threshold 
Vo ~ 4.5V 
400 
400 
mV 
200 
200 


AUXILIARY 
COMPARATOR 


VT(high) 
Upper Trip Point 
(Note 14) 
1.236 
1.20 
1.28 
1.20 
1.28 
V 
1.19 
1.29 
1.19 
1.29 


VT(low) 
Lower Trip Point 
(Note 14) 
1.230 
1.19 
1.27 
1.19 
1.27 
V 
1.18 
1.28 
1.18 
1.28 


HYST 
Hysteresis 
6 
mV 


IOH 
Output 
"HIGH" 
Leakage 
VOH = 30V 
0.01 
1 
1 
I-'A 
VIN (COMP) = 1.3V 
2 
2 


VOL 
Output 
"LOW" 
Voltage 
VIN (COMP) = 1.1V 
150 
250 
250 
mV 
lo(COMP) 
= 400 I-'A 
400 
400 


IB 
Input Bias Current 
o ,.;;VIN (COMP) 
,.;;5V 
10 
-30 
30 
-30 
30 
nA 
-50 
50 
-50 
50 


GROUND 
PIN CURRENT 


IGNO 
Ground 
Pin Current 
IL (Main Out) = 1 mA 
170 
250 
250 
(Note 15) 
IL (Aux. Out) = 0.1 mA 
280 
280 
I-'A 


IL (Main Out) = 50 mA 
1.1 
2 
2 


IL (Aux. Out) = 1 mA 
2.5 
2.5 


IL (Main Out) = 100 mA 
3 
6 
6 


IL (Aux. Out) = 1 mA 
8 
8 


IL (Main Out) = 250 mA 
16 
28 
28 
mA 
IL (Aux. Out) = 1 mA 
33 
33 


IL (Main Out) = 1 mA 
3 
6 
6 


IL (Aux. Out) = 50 mA 
8 
8 


IL (Main Out) = 1 mA 
6 
8 
8 


IL (Aux. Out) = 75 mA 
10 
10 


Unless 
otherwise 
specltlea: 
vlN = ov, vL = t::..t::. 
J.Lr- \IVIi:l111 VUlIJUl/ 
ClIIU 
IV 
1"'-1 
\'""'u •••• 
IIll;olll 
_ 
••••t"' •••• /" 
•••••••.•.•••••_ 
••••• 
,... •••• 
_ 
•• __ 
• __ 
• 
_-.- 


pin, CIN = 
1 !-LF,VSD = OV, Main Output 
pin is tied to Output 
Sense 
pin, Auxiliary 
Output 
is programmed 
for 5V. The main 
regulator 
output 
has a 1 mA load, the auxiliary 
regulator 
output 
has a 100 !-LA load. (Continued) 


LP2956AI 
LP29561 
Symbol 
Parameter 
Conditions 
Typical 
Units 
Mln 
Max 
Min 
Max 


GROUND 
PIN CURRENT 
(Continued) 


IGND 
Ground 
Pin Current 
VIN = 4.5V 
325 
325 


at Dropout 
(Note 15) 
IL (Main Out) = 0.1 mA 
270 
350 
350 


IL (Aux. Out) = 0.1 mA 
!-LA 


IGND 
Ground 
Pin Current 
No Load on Either Output 
120 
180 
180 


at Shutdown 
(Note 15) 
I(SDIN):?: 
1 !-LA 
200 
200 


Note 
1: Absolute 
maximum ratings indicate limits beyond which damage to the component 
may occur. Electrical specifications 
do not apply when operating 
the 
device outside of its rated operating 
conditions. 


Note 2: The maximum allowable 
power dissipation 
is a function of the maximum junction temperature, 
TJ(max), the junction-to-ambient 
thermal resistance, 
8J_A, 


and the ambient temperature, 
TA. The maximum allowable 
power dissipation 
at any ambient temperature 
is calculated 
using: P(max) = 
TJ(msax)- 
TA 
J·A 


Exceeding the maximum allowable 
power dissipation will cause excessive die temperature, 
and the regulator will go into thermal shutdown. 
See Application 
Hints 
for additional 
information 
on heat sinking and thermal resistance. 


Note 3: When used in dual-supply 
systems where the regulator load is returned to a negative supply, the output voltage must be diode-clamped 
to ground. 


Note 4: May exceed the input supply voltage. 


Note 
5: Output or reference 
voltage temperature 
coefficient 
is defined as the worst case voltage change divided by the total temperature 
range. 


Note 6: Load regulation is measured at constant junction temperature 
using low duty cycle pulse testing. Two separate tests are performed, 
one for the range of 
100 ~A to 1 mA and one for the 1 mA to 250 mA range. Changes in output voltage due to heating effects are covered by the thermal regUlation specification. 


Note 7: Dropout voltage is defined as the input to output differential 
at which the output voltage drops 100 mV below the value measured with a lV differential. 
At 
very low values of programmed 
output voltage, the input voltage minimum of 2V (2.3V over temperature) 
must be observed. 


Note 8: Thermal regulation 
is the change in output voltage at a time T after a change in power dissipation, 
excluding load or line regulation effects. Specifications 
are for a 200 mA load pulse at VIN = 20V (3W pulse) for T = 10 ms on the Main regulator output. For the Auxiliary regulator output, specifications 
are for a 66 mA 
load pulse at V,N ~ 
20V (1W pulse) for T ~ 
10 ms. 


Note 9: Connect 
a 0.1 ~F capacitor from the output to the feedback 
pin. 


Note 
10: Load regUlation is measured at constant junction temperature 
using low duty cycle pulse testing. Two separate tests are performed, 
one for the range of 
100 iJ-Ato 1 mA and one for the 1 mA to 75 mA range. Changes in output voltage due to heating effects are covered 
by the thermal regulation specification. 


Note 
11: Dropout dectection 
comparator 
thresholds 
are expressed 
as changes in a 5V output. To express the threshold 
voltages in terms of a differential 
at the 
Feedback terminal. divide by the error amplifier gain = VOUT/VREF. 


Note 12: The shutdown 
input equivalent circuit is the base of a grounded-emitter 
NPN transistor in series with a current-limiting 
resistor. Pulling the shutdown input 
high turns off the main regulator. 
For more details, see Application 
Hints. 


Note 13: The auxiliary regulator output has foldback limiting, which means the output current reduces with output voltage. The tested limit is for VOUT = OV, so the 
output current will be higher at higher output voltages. 


Note 14: This test is performed with the auxiliary comparator 
output sinking 400 JJ-Aof current. At the upper trip point, the comparator 
output must be ~ 2.4V. At the 
low trip point, the comparator 
output must be ~ 0.4V. 


Note 
15: Ground pin current is the regulator quiescent 
current. The total current drawn from the source is the sum of the ground pin current, output load current, 


and current through the external 
resistive dividers (if used). 


Note 
16: All pins are rated for 2 kV, except for the auxiliary feedback 
pin which is rated for 1.2 kV (human body model, 100 pF discharged 
through 
1.5 kn) . 


• 


Typical Performance Characteristics 
Unless otherwise specified: VIN = 6V, GL = 2.2 ".F (Main 


Output) and 10 ".F (Auxiliary Output), Feedback is tied to 5V Tap pin, GIN = 1 ".F, VSD = OV, Main Output pin is tied to Output 
Sense pin, Auxiliary Output is programmed for 5V. The main regulator output has a 1 mA load, the auxiliary output has a 100 ".A 
load. 
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Typical 
Performance 
Characteristics 
Unless 
otherwise 
specified: 
VIN = 
6V, CL = 
2.2 
/LF (Main 


Output) 
and 10 /LF (Auxiliary 
Output), 
Feedback 
is tied to 5V Tap pin, CIN = 1 /LF, VSD = OV, Main Output 
pin is tied to Output 
Sense 
pin, Auxiliary 
Output 
is programmed 
for 5V. The main regulator 
output 
has a 1 mA load, the auxiliary 
output 
has a 100 /LA 


load. (Continued) 
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FREQUENCY (Hz) 
FREQUENCY (Hz) 
lOAD 
CURRENT 
(mA) 


Dropout 
Detection 


Auxiliary 
Comparator 
Comparator 
Threshold 


Sink Current 
Error Output 
Voltage 
Voltages 
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, 
8 
>' 
-700 
I 
.•..- 
~~ 
TA = 
125°C 
.,;' 
7 
~~ 
, 


50k 
RESISTOR TO I 


-600 
2 
- - 
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THRESHOLD 
- 
-;;- 
~ 
6 
- 
EX~R~Al 
,5V SUPPLY - 
~5 
-500 
~ 
~ 
~~ 


5 
~e 


% 
1.5 
I' V 1\1.4. = 25°C 


~ 
I 
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-.00 
~ 
• 


o~ 
I I 
~ 
I-f. 
~YSTERESIS 
~~ 
~ 
0 
~ 
-300 
" 
I 
i 
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~o 
~ 
~_' 
I 
I 
50k 
RESISTOR 
z~ 
r:;;;oo 
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j,'J 
:8 
-200 
in 
fA 
= - .• OoC 
2 
- ~:riT 


UPPER 
THRESHOLD 
0.5 
0%~~ 
r 
"'~ -100 
\ 
~t;; 
I 
o ..•• 
I 
I 
'i~ 
I 
0 
8 
0 
0 
0.1 0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
0 
1 
2 
3 • 
5 
6 
7 
8 
-50 
-25 
0 
25 
50 
75 
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125 
150 


OUTPUT lOW VOLTAGE (V) 
INPUT 
VOLTAGE 
(V) 
TE"PERATURE 
(OC) 
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Application 
Hints 


HEATSINK 
REQUIREMENTS 


A heatsink 
may be required 
with the LP2956 
depending 
on 


the maximum 
power dissipation 
and maximum 
ambient 
tem- 
perature 
of the 
application. 
Under 
all expected 
operating 


conditions, 
the 
junction 
temperature 
must 
be 
within 
the 
range 
specified 
under Absolute 
Maximum 
Ratings. 


To determine 
if a heatsink 
is required, 
the maximum 
power 


dissipated 
by the regulator, 
P(max), must be calculated. 
It is 


important 
to remember 
that if the regulator 
is powered 
from 


a transformer 
connected 
to 
the 
AC 
line, 
the 
maximum 
specified 
AC input 
voltage 
must be used (since 
this pro- 
duces 
the maximum 
DC input voltage 
to the regulator). 
Fig- 
ure 1 shows 
the voltages 
and currents 
which 
are present 
in 


the circuit. 
The formula 
for calculating 
the power dissipated 


in the regulator 
is also shown 
in Figure 
1 (the currents 
and 


power 
due 
to external 
resistive 
dividers 
are not 
included, 
and are typically 
negligible). 


LP2956 


PTOTAL = (V1N 
- 
VM)'LM 
+ (V1N 
- 
VA)ILA 
+ (V1N)IG 


TUH/11339-9 


FIGURE 
1. Current/Voltage 
Diagram 


The next parameter 
which 
must be calculated 
is the maxi- 
mum allowable 
temperature 
rise, TR(max). This is calculat- 


ed by using the formula: 


TR(max) = TJ(max) 
- 
TA(max) 


where: 
TJ(max) 
is the maximum 
allowable 
junction 
temper- 


ature 


TA(max) 
is the maximum 
ambient 
temperature 


Using 
the 
calculated 
values 
for TR(max) 
and 
P(max), 
the 


required 
value 
for junction-to-ambient 
thermal 
resistance, 
0(J-A), can now be found: 


0(J-A) = TR(max)/P(max) 


The 
heatsink 
for the 
LP2956 
is made 
using 
the 
PC board 


copper. 
The 
heat 
is conducted 
from 
the 
die, through 
the 


lead frame 
(inside the part), and out the pins which 
are sol- 
dered 
to the 
PC board. 
The pins used for heat conduction 


are shown 
in Table 
I. 


Part 
Package 
Pins 


LP29561N 
16-Pin DIP 
4,5,12,13 


LP2956AlN 
16-Pin DIP 
4,5,12,13 


LP2956lM 
16-Pin Surface 
Mt. 
1,8,9,16 


LP2956AIM 
16-Pin Surface 
Mt. 
1,8,9,16 


Figure 2 shows copper 
patterns 
which 
may be used to dissi- 
pate heat from the LP2956: 


L' ---~I~I}, 


L' ---~'''I 
}. 


•For best results, use L = 2H 
FIGURE 
2. Copper 
Heatsink 
Patterns 


Table 
II shows 
some 
typical 
values 
of junction-to-ambient 


thermal 
resistance 
(OJ-A) for values 
of Land 
W (1 oz. cop- 
per). 


Package 
L(ln.) 
H(ln.) 
0J-A ('C/W) 


16-Pin 
1 
0.5 
70 


DIP 
2 
1 
60 


3 
1.5 
58 


4 
0.19 
66 


6 
0.19 
66 


16-Pin 
1 
0.5 
83 
Surface 
2 
1 
70 
Mount 
3 
1.5 
67 


6 
0.19 
69 


4 
0.19 
71 


2 
0.19 
73 • 


Application 
Hints 
(Continued) 


EXTERNAL 
CAPACITORS 


A 2.2 I-'F (or greater) 
capacitor 
is required 
between·the 
main 
output 
pin and ground 
to assure 
stability. 
The auxiliary 
out- 
put requires 
10 I-'F to ground. 
Without 
these 
capacitors, 
the 
part may oscillate. 
Most types of tantalum 
or aluminum 
elec- 


trolytics 
will work 
here. 
Film types 
will work, 
but are more 
expensive. 
Many aluminum 
electrolytics 
contain 
electrolytes 
which 
freeze 
at - 30·C, which 
requires 
the use of solid tan- 


talums 
below 
- 2S·C. 
The 
important 
characteristic 
of the 


capacitors 
is an ESR of SO (or less) on the main regulator 


output 
and an ESR of 10 (or less) on the auxiliary 
regulator 
output 
(the ESR may increase 
by a factor 
of 20 or 30 as the 
temperature 
is reduced 
from 
+2S·C 
to -30·C). 
The value 


of these 
capacitors 
may be increased 
without 
limit. 


The 
main 
output 
requires 
less capacitance 
at lighter 
load 
currents. 
This capacitor 
can be reduced 
to 0.68 I-'F for cur- 


rents 
below 
10 mA or 0.22 I-'F for currents 
below 
1 mA. 


Programming 
the 
main 
output 
for 
voltages 
below 
SV re- 
quires 
more 
output 
capacitance 
for stability. 
For the worst- 


case condition 
of 1.23V output 
and 2S0 mA of load current, 
a 6.8 I-'F (or larger) 
capacitor 
should 
be used. 


A 1 I-'F capacitor 
should 
be placed 
from 
the 
input 
pin to 
ground 
if there 
is more than 
10 inches 
of wire between 
the 
input and the AC filter capacitor 
or if a battery 
input is used. 


Stray 
capacitance 
to the 
Feedback 
terminal 
can cause 
in- 
stability. 
This 
problem 
is most 
likely to appear 
when 
using 
high value 
external 
resistors 
to set the output 
voltage. 
Add- 
ing a 100 pF capacitor 
betweel) 
the Output 
and Feedback 
pins 
and 
increasing 
the 
output 
capacitance 
to 6.8 I-'F (or 
greater) 
will cure the problem. 


MINIMUM 
LOAD ON MAIN OUTPUT 


When 
setting 
the main output 
voltage 
using an external 
re- 
sistive divider, 
a minimum 
current 
of 10 I-'A is recommended 
through 
the resistors 
to provide 
a minimum 
load. 


It should 
be noted 
that a minimum 
load current 
is specified 


in several 
of the electrical 
characteristic 
test conditions, 
so 
the specified 
value must be used to obtain test limit correla- 
tion. 


PROGRAMMING 
THE MAIN OUTPUT 
VOLTAGE 


The main output 
may be pin-strapped 
for SV operation 
using 
its internal 
resistive 
divider 
by tying the Output 
and Sense 
pins together 
and also tying the Feedback 
and SV Tap pins 
together. 


Alternatively, 
it may 
be 
programmed 
for 
any 
voltage 
be- 
tween 
the 
1.23V 
reference 
and 
the 
29V 
maximum 
rating 
using an external 
pair of resistors 
(see Figure 3). 
The com- 
plete equation 
for the output 
voltage 
is: 


VMAIN OUT = VREF X (1 
+ :~) 
+ 
(IFB X R1) 


where 
VREF is the 1.23V reference 
and IFB is the Feedback 
pin 
bias 
current 
(-20 
nA typical). 
The 
minimum 
recom- 
mended 
load current 
of 1 I-'A sets an upper 
limit of 1.2 MO 
on the value 
of R2 in cases 
where 
the regulator 
must work 


with no load (see MINIMUM 
LOAD). 


If 'FB is ignored 
in the calculation 
of the output voltage, 
it will 
produce 
a small error in VMAIN OUT. Choosing 
R2 = 100 kO 
will reduce 
this error to 0.16% 
(typical) 
while 
increasing 
the 
resistor 
program 
current 
to 12 I-'A. Since 
the typical 
quies- 
cent current 
is 130 I-'A, this added 
current 
is negligible. 


V~AIN 
OUT 
1.2 - 29V 
MAIN 


OUT 


LP2956 
°'°1 


1 


. 


8 
J.LF 
J.LF 
. . 


'See 
Application 
Hints 
• 'Drive 
with high to shut down 
- 
FIGURE 
3. Adjustable 
Regulator 
TL/H/11339-11 


DROPOUT 
VOLTAGE 


The dropout 
voltage 
of the regulator 
is defined 
as the mini- 
mum input-to-output 
voltage 
differential 
required 
for the out- 


put voltage 
to stay within 
100 mV of the output voltage 
mea- 
sured with a 1V differential. 
The dropout 
voltage 
is indepen- 
dent of the programmed 
output 
voltage. 


DROPOUT 
DETECTION 
COMPARATOR 


This 
comparator 
produces 
a logic 
"LOW" 
whenever 
the 
main output 
falls out of regulation 
by more than about 
S%. 
This 
figure 
results 
from 
the 
comparator's 
built-in 
offset 
of 
60 mV divided 
by the 
1.23V 
reference 
(refer 
to block 
dia- 
gram). The S% low trip level remains 
constant 
regardless 
of 
the programmed 
output 
voltage. 
An out-of-regulation 
condi- 
tion 
can 
result 
from 
low 
input 
voltage, 
current 
limiting, 
or 
thermal 
limiting. 


Figure 
4 gives 
a timing 
diagram 
showing 
the 
relationship 
between 
the main output 
voltage, 
the 
ERROR 
output, 
and 
input voltage 
as the input voltage 
is ramped 
up and down to 
a regulator 
whose 
main output 
is programmed 
for SV. The 
ERROR 
signal 
becomes 
low at about 
1.3V 
input. 
It goes 
high at about SV input, where the main output 
equals 
4.7SV. 
Since the dropout 
voltage 
is load dependent, 
the input volt- 
age trip points 
will vary with load current. 
The main output 
voltage 
trip point does 
not vary. 


The 
comparator 
has 
an 
open-collector 
output 
which 
re- 
quires an external 
pull-up resistor. 
This resistor 
may be con- 
nected 
to the regulator 
main output 
or some 
other 
supply 
voltage. 
Using the main output 
prevents 
an invalid 
"HIGH" 
on the comparator 
output which occurs 
if it is pulled up to an 
external 
voltage 
while the regulator 
input voltage 
is reduced 
below 
1.3V. In selecting 
a value for the pull-up resistor, 
note 
that while 
the output 
can sink 400 I-'A, this current 
adds to 
battery 
drain. 
Suggested 
values 
range 
from 
100 
kO 
to 
1 MO. The resistor 
is not required 
if the output 
is unused. 


,,, 


•• 
5V - ~ - - - 


I, 


1.3V- 
'---------------- 
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*In shutdown mode, ERROR 
will go high if 
it has been pulled up to an 


external 
supply. To avoid this invalid response. 
pull up to regulator output. 


··Exact 
value depends 
on dropout voltage. 
(See Application 
Hints) 


FIGURE 
4. ERROR 
Output 
Timing 


If a single pull-up resistor 
is used to the regulator 
output, the 
error flag may briefly 
rise up to about 
1.3V as the input volt- 
age ramps 
up or down 
through 
the OV to 1.3V region. 


In some cases, 
this 1.3V signal may be mis-interpreted 
as a 


false 
high by a fJ-Pwhich 
is still "alive" 
with 
1.3V applied 
to 
it. 


To prevent 
this, 
the 
user 
may 
elect 
to use two 
resistors 
which 
are equal in value on the error output 
(one connected 


to ground 
and the other 
connected 
to the regulator 
output). 


If this two-resistor 
divider 
is used, the error 
output 
will only 
be pulled 
up to about 
0.6V 
(not 
1.3V) during 
power-up 
or 
power-down, 
so it can not be interpreted 
as a high signal. 


When 
the regulator 
output 
is at 5V, the error output 
will be 
2.5V, which 
is still clearly 
a high signal. 


OUTPUT 
ISOLATION 


The 
regulator 
outputs 
can 
be left connected 
to an active 


voltage 
source 
(such 
as a battery) 
with the regulator 
input 
power 
shut off, as long as the regulator 
ground 
pin is con- 
nected 
to ground. 
If the ground 
pin is left floating, 
damage 


to the regulator 
can occur 
if the output 
is pulled 
up by an 


external 
voltage 
source. 


REDUCING 
MAIN OUTPUT 
NOISE 


In reference 
applications 
it may be advantageous 
to reduce 


the AC noise present 
on the main output. 
One method 
is to 


reduce 
regulator 
bandwidth 
by 
increasing 
output 
capaci- 
tance. 
This 
is relatively 
inefficient, 
since 
large 
increases 
in 


capacitance 
are required 
to get significant 
improvement. 


Noise can be reduced 
more effectively 
by a bypass 
capaci- 


tor placed 
across 
Rl 
(refer 
to Figure 
3). 
The formula 
for 


selecting 
the capacitor 
to be used is: 


1 
CB=----- 
27T Rl 
X 20 Hz 


This gives 
a value 
of about 
O.lfJ-F. When 
this is used, 
the 
output 
capacitor 
must 
be 6.8 
fJ-F (or greater) 
to 
maintain 
stability. 
The 0.1 fJ-F capacitor 
reduces 
the high frequency 


noise 
gain of the circuit 
to unity, 
lowering 
the output 
noise 
from 260 fJ-Vto 80 fJ-Vusing a 10 Hz to 100 kHz bandwidth. 
Also, 
noise 
is no longer 
proportional 
to the output 
voltage, 


so 
improvements 
are 
more 
pronounced 
at 
higher 
output 


voltages. 


LP2956 
AUXILIARY 
REGULATOR 
r----------------, 
I 
I 
I 


AUXILIARY 
OUTPUT 


ERROR 
AWPLIflER 
R2 
•. 
.• 


+ 


IOI'F 


~EQUIRED 


..LOR 
STABILITY 
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VAUXOUT ~ VREF ( 1 + iH) + (lFS X A1) 


where: VREF - 
1.23V and IFS ~ -10 nA (typical) 


FIGURE 
5. Auxiliary 
Adjustable 
Regulator 


AUXILIARY 
LDO OUTPUT 


The 
LP2956 
has an auxiliary 
LDO regulator 
output 
(which 
can source 
up to 75 mAl that is adjustable 
for voltages 
from 
1.23V to 29V. 


The output 
voltage 
is set by an external 
resistive 
divider, 
as 
shown 
in Figure 
5. The maximum 
output 
current 
is 75 mA, 


and the output 
requires 
10 fJ-Ffrom the output 
to ground 
for 
stability, 
regardless 
of load current. 


SHUTDOWN 
INPUT 


The shutdown 
input equivalent 
circuit 
is shown 
in Figure 
6. 


The main regulator 
output 
is shut down when the NPN tran- 
sitor is turned 
ON. 


FIGURE 
6. Shutdown 
Circuitry 


The current 
into the input should 
be at least 0.5 fJ-A to as- 
sure the output shutdown 
function. 
A resistor 
may be placed 
in series with the input to minimize 
current 
draw in shutdown 
mode, 
provided 
this 
minimum 
input 
current 
requirement 
is 
met. 


IMPORTANT: 


The 
shutdown 
input 
must 
not be left floating: 
a pull-down 
resistor 
(10 kO to 50 kO recommended) 
must be connected 
between 
the shutdown 
input and ground 
in cases where the 


input is not actively 
pUlled low. 
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Io4AIN OUT 
5V 
Io4AIN OUT 
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S 
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mAl 


5/0 
5V 
TAP 
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+ 


INPUT 
1104 
FEEOBACK 
2.2 
p.F 


ERR 


AUX 
COIo4P 
OUTPUT 
ERROR 


INPUT 
AUX 
COIo4P 


OUTPUT 
lOW 
BATT 


LP2956 
AUX 
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5V 
Io4EIo40RY OUT 


309k 
(IL S 
75 
mAl 


AUX 
FB 
GNO 
+ 


lOOk 
10 p.F 
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t!1National 
Semiconductor 


LP2957/LP2957A 
5V Low-Dropout 
Regulator for J.LP Applications 


General Description 
The LP2957 is a 5V micropower voltage regulator with elec- 
tronic shutdown, error flag, very low quiescent current 
(150 p.Atypical at 1 mA load), and very low dropout voltage 
(470 mV typical at 250 mA load current). 
Output can be wired for snap-on/snap-off operation to elimi- 
nate transition voltage states where p.P operation may be 
unpredictable. 
Output crowbar (50 mA typical pull-down current) will bring 
down the output qUickly when the regulator snaps off or 
when the shutdown function is activated. 
The part has tight line and load regulation (0.04% typical) 
and low output temperature coefficient (20 ppml'C typical). 
The accuracy of the 5V output is guaranteed at room tem- 
perature and over the full operating temperature range. 


The LP2957 is available in the five-lead TO-220 and TO-263 
packages. 


Features 
• 
5V output within 1.4% over temperature (A grade) 


• 
Easily programmed for snap-on/snap-off output 


• 
Guaranteed 250 mA output current 
• 
Extremely low quiescent current 
• 
Low Input-Output voltage required for regulation 
• 
Reverse battery protection 
• 
Extremely tight line and load regulation 
• 
Very low temperature coefficient 
• 
Current and thermal limiting 
• 
Error flag signals when output is out of regulation 


Applications 
• 
High-efficiency linear regulator 
• 
Battery-powered regulator 


Bent, Staggered 
Leads 
5-Lead 
TO-220 
(T) 
[ill i i ir~€~" 


Top View 


Order 
Number 
LP2957AIT 
or LP29571T 
See NS Package 
Number 
T05D 


Plastic Surface 
Mount 
Package 
5-Lead 
TO-263 
(S) 


TAB 
IS 
[] 
ERROR 
GND 
SHUTDOWN 
L 
GROUND 


OUTPUT 


INPUT 


J_rL 


Side View 


Order 
Number 
LP2957AIS 
or LP29571S 


See NS Package 
Number 
TS5B 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Lead Temperature 


please 
contact 
the 
National 
Semiconductor 
Sales 
(Soldering, 
5 Seconds) 
260"C 


Office/Distributors 
for availability 
and specifications. 
Power Dissipation 
(Note 2) 
Internally 
Limited 


Operating 
Junction 
Temperature 
Range 
- 40'C to + 125'C 
Input Supply Voltage 
-20Vto 
+30V 


Storage 
Temperature 
Range 
- 65'C to + 150'C 
Shutdown 
Input 
-0.3Vto 
+30V 


ESD Rating 
2kV 


I 


Electrical Characteristics 
Limits 
in standard 
typeface 
are for TJ = 
25'C, 
and limits in boldface type apply over the full operating 
temperature 
range. 


Unless 
otherwise 
specified: 
VIN = 
6V, IL = 
1 mA, CL = 
2.2 ,...F, VSD = 
3V. 


Symbol 
Parameter 
Conditions 
Typical 
LP2957AI 
LP29571 
Units 


Mln 
Max 
Mln 
Max 


Va 
Output 
Voltage 
(Note 9) 
5.0 
4.975 
5.025 
4.950 
5.050 
4.940 
5.060 
4.900 
5.100 
V 


1 mA ,,; IL ,,; 250 mA 
5.0 
4.930 
5.070 
4.880 
5.120 


AVO 
Output Voltage 
(Note 3) 


AT 
Temperature 
20 
100 
150 
ppmrc 


Coefficient 


AVO 
Line Regulation 
VIN = 6V to 30V 
0.03 
0.10 
0.20 
% 
Va 
0.20 
0.40 


AVo 
Load Regulation 
IL = 
1 mA to 250 mA 
0.16 
0.20 


Va 
IL = 0.1 mAto 
1 mA 
0.04 
0.20 
0.30 
% 


(Note 4) 


VIN-VO 
Dropout 
Voltage 
IL = 
1 mA 
60 
100 
100 


(Note 5) 
150 
150 


IL = 50 mA 
240 
300 
300 
420 
420 
mV 


IL = 
100 mA 
310 
400 
400 
520 
520 


IL = 250 mA 
470 
600 
600 
800 
800 


IGND 
Ground 
Pin Current 
IL = 
1 mA 
150 
200 
200 
,...A 


(Note 6) 
230 
230 


IL = 50mA 
1.1 
2 
2 
2.5 
2.5 


IL = 
100 mA 
3 
6 
6 
mA 
8 
8 


IL = 250 mA 
16 
28 
28 
33 
33 


IGND 
Ground 
Pin Current 
IL = 0 
130 
180 
180 
,...A 
in Shutdown 
(Note 6) 
VSD = 0.4V 
200 
200 


IGND 
Ground 
Pin Current 
VIN = 4.5V 
180 
230 
230 
,...A 
at Dropout 
(Note 6) 
IL=0.1mA 
250 
250 


10 
Off-State 
Output 
VIN = 5.3V 
50 
30 
30 
mA 
(Sink) 
Pulldown 
Current 
Va = 5V, VSD = 0.4V 
20 
20 


10 
Output 
Leakage 
I(SDIN);;' 
1,...A 
3 
10 
10 
,...A 
(Off) 
in Shutdown 
VIN = 30V, VOUT = OV 
20 
20 • 


et 
!£ 
Electrical Characteristics 
C'I 
Limits 
in standard 
typeface 
are for TJ = 25"C. and limits in boldface 
type 
apply 
over the full operating 
temperature 
range. 


~ 
Unless 
otherwise 
specified: 
VIN = 6V, IL = 1 mA, CL = 2.2 fJoF,Vso = 3V. (Continued) 
.•.•..• 
•... 
II) 
CD 
C'Ia.. 
...J 


Conditions 
Typical 
LP2957AI 
LP29571 
Units 
Symbol 
Parameter 
Min 
Max 
Min 
Max 


IliMIT 
Current 
Limit 
RL = 1fl 
500 
500 
mA 
400 
530 
530 


!>Vo 
Thermal 
(Note 7) 
0.05 
0.2 
0.2 
%/W 
!>Pd 
Regulation 


en 
Output 
Noise 
CL = 2.2 fJoF 
500 
Voltage 
fJoVRMS 
(10 Hz to 100 kHz) 
CL = 33 fJoF 
IL = 100 mA 
320 


VSO(ON) 
Output Turn-On 
1.155 
1.305 
1.155 
1.305 
V 
Threshold 
Voltage 
, 
1.140 
1.320 
1.140 
1.320 


HYST 
Hysteresis 
6 
mV 


IB 
Input Bias 
VIN(SO) = OV to 5V 
10 
-30 
30 
-30 
30 
nA 
Current 
-50 
50 
-50 
50 


IOH 
Output 
"HIGH" 
VOH = 30V 
0.01 
1 
1 
fJoA 
Leakage 
2 
2 


VOL 
Output 
"LOW" 
VIN = 4V 
150 
250 
250 
mV 
Voltage 
lo(COMP) 
= 400 fJoA 
400 
400 


VTHR 
Upper Threshold 
(Note 8) 
-240 
-320 
-150 
-320 
-150 
mV 
(Max) 
Voltage 
-380 
-100 
-380 
-100 


VTHR 
Lower Threshold 
(Note 8) 
-350 
-450 
-230 
-450 
-230 
mV 
(Min) 
Voltage 
-640 
-160 
-640 
-160 


HYST 
Hysteresis 
(Note 8) 
60 
mV 


Note 
1: Absolute 
maximum ratings indicate limits beyond which damage to the component 
may occur. Electrical specifications 
do not apply when operating 
the 


device outside of its rated operating 
conditions. 


Note 2: The maximum allowable 
power dissipation 
is a function of the maximum junction temperature, 
TJ(MAX), the junction-Io-ambient 
thermal resistance, 
8JA. 
and the ambient temperature, 
TA. The maximum allowable 
power dissipation 
at any ambient temperature 
is calculated 
using: 


P(MAX) ~ TJlMAX) 
- 
TA 


9JA 


Exceeding the maximum allowable power dissipation will result in excessive die temperature, 
and the regulator will go into thermal shutdown. The junction-to-ambi· 
ent thermal resistance 
of the TO-220 (without heatslnk) is 6erc/w 
and 73°C/W 
for the TO-263. If the TO·263 package is used, the thermal 
resistance 
can be 
reduced by increasing the P.C. board copper area thermally connected 
to the package: Using 0.5 Square inches of copper area, 8JA is 5erC/W, 
with 1 square inch 
of copper area, 8JA is 3rC/W; 
and with 1.6 or more square inches of copper area, 8JA is 3'i!'C/W. 
The junctk>n-to-case thermal resistance is 3"C/W. 
If an external 


heatsink is used, the effective junction-to-ambient 
thermal resistance is the sum of the junction·to-case 
resistance 
(3"C/W), the specified thermal resistance 
of the 


heatsink selected, and the thermal resistance 
of the interlace 
between the heatsink and the LP2957 (see Application 
Hints). 


Note 3: Output voltage temperature 
coefficient 
is defined as the worst case voltage change divided by the total temperature 
range. 


Note 
4: Regulation 
is measured at constant 
junction 
temperature 
using low duty cycle pulse testing. 
Parts are tested separately 
for load regulation 
in the load 
ranges 0.1 mA-1 
mA and 1 mA-250 
mA. Changes in output voltage due to heating effects are covered by the thermal regulation 
specification. 


Note 5: Dropout voltage is defined as the input to output voltage differential 
at which the output voltage drops 100 mV below the value measured with a 1V input to 
output differential. 


Note 6: Ground pin current is the regulator Quiescent current. The total current drawn from the source is the sum of the load current plus the ground pin current. 


Note 7: Thermal regulation is defined as the change in output voltage at a time T after a change in power dissipation 
is applied, excluding 
load or line regulation 


effects. 
Specrficabons 
are for a 200 mA load pulse at VIN = 20V (3W pulse) for T = 10 ms. 


Note 8: Voltages 
are referenced 
to the nominal regulated output voltage. 


Note 9: When used in dual·supply 
systems where the regulator load is returned to a negative supply, the output voltage must be diode-clamped 
to ground. 


Typical Performance 
Characteristics 
Unless 
otherwise 
specified: 
V,N = 6V, IL = 1 mA, CL = 2.2 J.LF, VSD = 3V, TA = 25°C 


Ground 
Pin Current 


Ground 
Pin Current 
Ground 
Pin Current 
vs Load 


300 
170 
100 


4' 
250 
I 
~ , 
~ 
..3 
.3 160 
-5 
I 
200 
I. = 
100 "A 
1\ 
~ 
10 
~ 
rl- """ 
z 
z 
/ 
~ 
~~ 
150 
~ 150 
~ 
u 
u 
z 
z 
z 
/ 
ii: 
ii: 
ii: 
c 
100 
c 
....•. 
c 
1 
_/ 


z 
z 
z 
~ 
~ 


140 
~ 
~ 
50 
J 
~ 


0 
130 
0.1 
0 
2 
4 
6 
8 
-75 -50-25 
0 
25 
50 
75 
100 125150 
175 
0.1 
1 
10 
100 
1000 


INPUT VOLTAGE (V) 
TE.PERATURE 
(OC) 
OUTPUT CURRENT (mA) 


Ground 
Pin Current 
Ground 
Pin Current 
Output 
Noise Voltage 


20 
I 
25 
600 g 


I. = 250 
mA 
'" 
~ 
--, 
~ 
20 
~ 
-5 
-5 
1---1-1 I 
500 
z 
..... 
z 
' 
I. = 250mA 
-" 
~ 
~ 
15 
I- 
III 


> 
,.1 


a 
~ 
..3 


'0 
u 
~ 


400 
z 
z 
10 
ii: 
ii: 
I I I 
c 
c 
'< 
z 
I. 
= 
100mA 
-I-- 


z 
300 
~ 
~ 
5 
It. = 100mA 
~ 


It. = SOmA 
\ 
- 5o;mA 
!ij 


111111111111111 
0 
0 
200 
0 
1 
2 
3 
4 
5 
6 
7 
8 
-75 -50-25 
0 
25 
50 
7S 100 125150175 
0.1 
1 
10 
100 
1000 


INPUT VOLTAGE (V) 
JUNCTION TE.PERATURE 
(OC) 
LOAD CURRENT (mA) 


Ripple 
Rejection 
Ripple Rejection 
Ripple Rejection 


100 
100 
100 
E 


90 
90 
90 


a> 
80 
a> 
80 
80 
3 
70 
I- 
3 
70 
3 
70 • 


z 
~ 
z 
z 
0 
60 
g 
'0 
c 
60 
~ 
50 
1.=li 
~ 
50 
a;L = 
lOOmA 
§ 
50 
ii1 
40 
ii1 
40 
ii1 
40 
~ 
30 
~ 
30 


.A 


~ 
30 
I. 
= 
100 "A 
~ 
'" 
20 
tL = 
lOmA 
'" 
20 
'" 
20 


10 
10 
'0 


0 
1111111111111111 
0 
0 
100 
1k 
10k 
lOOk 
,. 
100 
lk 
10k 
'OOk 
,. 
100 
lk 
10k 
100k 
,. 


fREQUENCY 
(Hz) 
FREQUENCY 
(Hz) 
FREQUENCY 
(Hz) 


Line Transient 
Response 
Line Transient 
Response 
Output 
Impedance 


400 
100 
c,. = 
1 "F 
~> 
~~ 
i~ 
s 
100 


0 
§?~ 
50 
~li! 
\ 
V 
~li! 
u 
,,-e 
~-e 
z 
10 


I.=O·~'~i 
~~ 
§5 
0 
~ 
o 
-"00 
t =10mA f--- 


V 
-so 
t =10mA 
1 
~ 
8V 
G.=33J.lF 
~ 
~ 


8V 
I 
§ 
I"'''~ 
~ 
0.1 
~ 
6V 
z 
6V 
I 
I 
0.01 
0 
0.2 
0.4 
D.' 
0.8 
1 
0 
I 
2 
3 
4 
5 
10 
100 
lk 
10k 
lOOk 
,. 


nWE(ms) 
nWE(ms) 
FREQUENCY (H,) 


TLIH/11340-5 


2-169 


Typical Performance 
Characteristics 
Unless otherwise 
specified: 


VIN = 6V, IL = 1 mA, CL = 2.2 fLF, VSD = 3V, TA = 25'C 
(Continued) 


Load Transient 
Load Transient 
Dropout 


Response 
Response 
Characteristics 


1.0 
100 
6 
0 
~> 
<-~~ 
~~ 
0 
5 
V 
o~ 
I~ 
>0 
> 
lL = 
1 mA 
;:i 
0 
~~ 
• 
~< 
-100 
~~ 
§O 


0 
~ 
§o 
'1. =33 ~F 
<!:; 


3 
-200 
§; 


~ 


IL = 
250mA 


-1.0 
~ 
2 
-300 
/ 
~~ 
c § 
250mA 
~ 


250mA 
<~ 
0 
gB 
o~ 
1 


O.lmA 
~B 


O.lmA 
0 


0 
10 
20 
30 
.0 
50 
0 
10 
20 
30 
.0 
50 
0 
1 
2 
3 
• 
5 
6 


milE 
(ms) 
T1t-lE (ms) 
INPUT VOLTAGE (V) 


Short-Circuit 
Output 


Current 
and Maximum 


Enable Transient 
Enable Transient 
Output 
Current 


10 
-++ 


600 


H- 
'1.=2.2~F 
"- 


MAX 
OUTPUT 
CURRENT 


8 
'1.=2.2~F 
r 
550 
•••••VOUTJ= 5V 
- 
- 
> 
~ - 
lOmA 
< 
> 
~- • 
500 
~- 
6 
~~ 
-S 
" 


~~ 
:=~ 
'1.=33~F 
V1N=6V 
:=~ 
~~ 
e- 
Z 
450 
~~ 
• 
'1.=33~F 
r 
o~ 
r-- 
o~ 
2 
~~ 
.00 
"'" 
VH~="'V 
~ 
2 
'-' 
\. -lOmA 
0 
~ 
350 


0 
2 
~ 
SHORT 
CIRCUIT 
CURRENT 


IZ> 
IZ- 
~ 
300 
- 
V~UT = 
OV 
,.- 
2 
Ii 


0 
o~ 
00 
0 
250 
I 
I 
;~ 
0 
~~ 
200 
~§; 
1 
2 
3 
• 
5 
0 
1 
2 
3 
• 
5 
-75-50-250 
25 
50 
75100125150175 


Tlt.4E(ms) 
TIt.lE(ms) 
JUNCTION 
TEMPERATURE 
(Oe) 


Error Output 
Dropout 
Detection 


Thermal 
Regulation 
Sink Current 
Threshold 
Voltages 


10 
2.5 


T.l12~OC 


-700 


~> 
>~ 
-600 
~~ 
5 
2.0 
,/ JL 


T 
~~ 
< 
/ 


-So 
-500 
~< 
-S 
~~ 
LOWER 
THRESHOl~.7 
./ 
§O 
0 
Z 
1.5 
~:}-400 
~ 
o~ 
17 
~ 
/11 
1 
>8 
~ 
1.0 
o~ 
-300 
~ 
'-' 
~~ 
'" 
/ 


TA = -55°C 
...-!'" 


~~ 


3 
Z 
-200 
Vi 
~~ 
-.::::- 


0.5 
UPPER 
THRESHOLD 
- 
0< 
.// 
~~ 
-100 
G.~ 
0 
i5 
0.0 
. 
0 


0 
10 
20 
30 
40 
0.0 0.1 
0.2 0.3 
0.4 0.5 0.6 
0.7 0.8 
0.9 
-75-50-25 
0 
255075100125150175 


TIt.lE(ms) 
OUTPUT 
LOW 
VOLTAGE 
(v) 
TEMPERATURE 
(Oe) 


Maximum 
Power 
Dissipation 
(TO-263) 
(See Note 2) 
Error Output 
Voltage 
Dropout 
Voltage 


I 
I 
8 
1.0 
iT 


8JA = 32oc/ 
7 


50k 
RESISTOR TO 1 
1 
1 
~ 
• 
""-I. 
1 
- 
e- 
0.8 
1 
1 
6 
EX~RNAL 
5V 
SUPPLY 
> 
Z 
3""-1. 
1--.1 
> 
T 
..•.•;, 
0 
5 
0 
~ 
~ 
I 
< 
0.6 
- 
Il = 
250~ 
8JA=3 
'C/Yi 
!:; 
~ 
1 


"- 


0 
• 
1+ 


""::YSTERESIS 
§; 
V 
",'-~r 
....•. 
-j,..- 
,~", 
- 
i5 
2 
~ 
3 
~ 
0.' 


•••~c~ 
~ 


50k 
RESISTOR 
l< 
~om~ 
~ 
~ 
2 
- l1 


Vor 
~ 
~-I 


1 
0.2 
1 
~ 
273rC!;::S:=::t 
1 
II I 
-l--U 
Il = 
1 mA 
I I" 
.," 
0 
0 
0.0 
0 
10 
20 
30 
40 
SO 60 
70 
80 
90100 
0 
1 
2 
3 • 
5 
6 
7 
8 
-60 
-10 
40 
90 
140 


AIIIBIENT 
TEIIIPERATURE 
(Oe) 
'NPUT VOLTAGE (V) 
TEIIIPERATURE 
(Oe) 


TLlHJl1340-6 


I 
I 
I 
I 
IL 
_ 


LP2957 


S7D 
ERR 
GND 


V1N 
(6V-30V) 
• 


Po <!.<! 
/LI- 
(or grealer) 
capacllor 
IS reqUirea oelween 
me OUI- 
put 
pin and 
ground 
to assure 
stability 
(refer 
to Figure 
1). 


Without 
this capacitor, 
the part may oscillate. 
Most type of 


tantalum 
or aluminum 
electrolytics 
will work here. Film types 


will work, 
but are more expensive. 
Many aluminum 
electro- 
lytics contain 
electrolytes 
which 
freeze 
at -30'C, 
which 
re- 


quires the use of solid tantalums 
below 
-25'C. 
The impor- 


tant parameters 
of the capacitor 
are an ESR of about 5fi 
or 


less 
and 
a resonant 
frequency 
above 
500 
kHz 
(the 
ESR 
may increase 
by a factor 
of 20 or 30 as the temperature 
is 


reduced 
from 
25'C 
to 
-30'C). 
The value 
of this capacitor 
may be increased 
without 
limit. 
At lower 
values 
of output 


current, 
less output 
capacitance 
is required 
for stability. 
The 


capacitor 
can 
be reduced 
to 
0.68 
/LF for 
currents 
below 


10 mA or 0.22 /LF for currents 
below 
1 mA. 


A 1 /LF capacitor 
should 
be placed 
from 
the 
input 
pin to 


ground 
if there 
is more than 
10 inches 
of wire between 
the 


input and the AC filter capacitor 
or if a battery 
input is used. 


This capacitor 
may have to be Increased 
If the regulator 


Is wired 
for snap-on/snap-off 
output 
and the source 
Im- 


pedance 
Is high 
(see Snap-Dn/Snap-Off Operation sec- 


tion). 


SHUTDOWN 
INPUT 


A logic-level 
signal will shut off the regulator 
output 
when 
a 


"LOW" 
« 
1.2V) is applied 
to the Shutdown 
input. 


To prevent 
possible 
mis-operation, 
the Shutdown 
input must 


be actively 
terminated. 
If the input is driven 
from 
open-col- 


lector logic, a pull-up resistor 
(20 kfi 
to 100 kfi recommend- 


ed) must be connected 
from the Shutdown 
input to the reg- 


ulator 
input. 


If the Shutdown 
input is driven 
from 
a source 
that 
actively 


pulls 
high and 
low (like an op-amp), 
the pull-up 
resistor 
is 


not required, 
but may be used. 


If the shutdown 
function 
is not to be used, the cost 
of the 


pull-up 
resistor 
can be saved 
by tying 
the Shutdown 
input 


directly 
to the regulator 
input. 


IMPORTANT: 
Since 
the 
Absolute 
Maximum 
Ratings 
state 


that the Shutdown 
input can not go more than 0.3V below 


ground, 
the 
reverse·battery 
protection 
feature 
which 
pro- 


tects the regulator 
input is sacrificed 
if the Shutdown 
input is 


tied directly 
to the regulator 
input. 


If reverse-battery 
protection 
is required 
in an application, 
the 


pull-up resistor 
between 
the Shutdown 
input and the regula- 
tor input must be used. 


MINIMUM 
LOAD 


It should 
be noted 
that a minimum 
load current 
is specified 


in several 
of the electrical 
characteristic 
test conditions, 
so 


the value 
listed must be used to obtain 
correlation 
on these 


tested 
limits. 
The 
part 
is parametrically 
tested 
down 
to 


100 /LA, but is functional 
with no load. 


DROPOUT 
VOLTAGE 


The dropout 
voltage 
of the regulator 
is defined 
as the mini- 


mum input-to-output 
voltage 
differential 
required 
for the out- 


put voltage 
to stay within 
100 mV of the output voltage 
mea- 


sured with a 1V differential. 
The dropout 
voltages 
for various 


values 
of load current 
are listed under 
Electrical 
Character- 


istics. 


If the regulator 
is powered 
from a transformer 
connected 
to 


the AC line, the minimum 
AC line 
voltage 
and maximum 


load 
current 
must be used to measure 
the minimum 
volt- 


.i:I UIv 
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capacitor. 
It is also 
advisable 
to verify 
operation 
at mini- 
mum 
operating 
ambient 
temperature, 
since 
the increas- 


ing ESR of the filter capacitor 
makes 
this a worst-case 
test 
due to increased 
ripple amplitude. 


HEATSINK 
REQUIREMENTS 


A heatsink 
may be required 
with the LP2957 
depending 
on 
the maximum 
power dissipation 
and maximum 
ambient 
tem· 


perature 
of 
the 
application. 
Under 
all 
possible 
operating 
conditions, 
the 
junction 
temperature 
must 
be 
within 
the 
range 
specified 
under Absolute 
Maximum 
Ratings. 


To determine 
if a heatsink 
is required, 
the maximum 
power 
dissipated 
by the regulator, 
P(max), must be calculated. 
It is 
important 
to remember 
that if the regulator 
is powered 
from 
a transformer 
connected 
to 
the 
AC 
line, 
the 
maximum 
specified 
AC Input 
voltage 
must be used (since 
this pro- 
duces the maximum 
DC input voltage 
to the regulator), 
and 
the 
maximum 
load 
current 
must 
also 
be used. 
Figure 
1 
shows 
the voltages 
and currents 
which 
are present 
in the 
circuit. 
The formula 
for calculating 
the power 
dissipated 
in 


the regulator 
is also shown 
in Figure 
1. 


IN- 
5V 


'See EXTERNALCAPACITORS 


PTOTAl 
- 
(V,N - 
5)ll + (V1I,jIG 


FIGURE 
1. Basic 
5V Regulator 
Circuit 


The next parameter 
which 
must be calculated 
is the maxi- 


mum allowable 
temperature 
rise, TR(Max). 
This is calculat- 


ed by using the formula: 


TR(Max) 
= TJ(Max) 
- 
TA(Max) 


where: TJ(Max) 
is the maximum 
allowable 
junction 
tempera- 


ture 


TA(Max) 
is the maximum 
ambient 
temperature 


Using 
the 
calculated 
values 
for TR(Max) 
and 
P(Max), 
the 
required 
value 
for junction-to-ambient 
thermal 
resistance, 


II(JAj, can now be found: 


II(JA) = TR(Max)/P(Max) 


If the calculated 
value 
is 60'C/W 
or higher, 
the 
regulator 


may be operated 
without 
an external 
heatsink. 
If the calcu· 


lated 
value 
is below 
60'C/W, 
an external 
heatsink 
is re- 


quired. 
The 
required 
thermal 
resistance 
for this 
heatsink, 


II(HA), can be calculated 
using the formula: 


II(HA) = II(JAj - 
II(JG) - 
II(CH) 


where: 


II(JG) is the 
junction-to-case 
thermal 
resistance, 
which 
is 


specified 
as 3'C/W 
for the LP2957. 


II(CH) is the 
case-to·heatsink 
thermal 
resistance, 
which 
is 


dependent 
on the interfacing 
material 
(see Tables 
I and II). 


Application 
Hints 
(Continued) 


Typical 
TO-220 
Case-To-Heatsink 
Thermal 
Resistances 
in ·C/W 


TABLE 
II. 
(From 
Thermalloy) 


Silicone 
Grease 
1.0 


Dry Interface 
1.3 


Mica with Grease 
1.4 


Thermasilill 
1.3 


Thermasilll 
1.5 


Thermalfilm 
(0.002) 
2.2 
with Grease 


II(HA) is the heatsink-to-ambient 
thermal 
resistance. 
It is this 


specification 
(listed 
on 
the 
heatsink 
manufacturers 
data 


sheet) 
which 
defines 
the effectiveness 
of the heatsink. 
The 


heatsink 
selected 
must have a thermal 
resistance 
which 
is 


equal 
to or lower 
than 
the value 
of II(HA) calculated 
from 


the above 
listed formula. 


ERROR 
COMPARATOR 


This comparator 
produces 
a logic "LOW" 
whenever 
the out- 


put falls out of regulation 
by more than about 
5%. This fig- 


ure results 
from 
the comparator's 
built-in 
offset 
of 60 mV 


divided 
by the 
1.23V reference. 
An out-of-regulation 
condi- 
tion 
can 
result 
from 
low 
input 
voltage, 
current 
limiting, 
or 


thermal 
limiting. 


Figure 
2 gives 
a timing 
diagram 
showing 
the 
relationship 


between 
the output 
voltage, 
the ERROR 
output, 
and input 


voltage 
as the input voltage 
is ramped 
up and down 
to the 


regulator 
without 
snap-on/snap-off 
output. 
The ERROR 


signal 
becomes 
low 
at about 
1.3V 
input. 
It goes 
high 
at 


about 
5V input, 
where 
the 
output 
equals 
4.75V. 
Since 
the 


dropout 
voltage 
is load 
dependent, 
the 
Input 
voltage 
trip 


points 
will vary with 
load 
current. 
The 
output 
voltage 
trip 


point does 
not vary. 


The 
comparator 
has 
an 
open-collector 
output 
which 
re- 
quires an external 
pull-up resistor. 
This resistor 
may be con- 


nected to the regulator 
output 
or some other supply voltage. 
Using 
the 
regulator 
output 
prevents 
an invalid 
"HIGH" 
on 


the comparator 
output 
which 
occurs 
if it is pulled 
up to an 


external 
voltage 
while the regulator 
input voltage 
is reduced 


below 
1.3V. In selecting 
a value for the pull-up resistor, 
note 


that while 
the output 
can sink 400 ,..A, this current 
adds to 


battery 
drain. 
Suggested 
values 
range 
from 
100k to 1 MO. 


The resistor 
is not required 
if the output 
is unused. 


, 
, 


~ 


.75V-- 
------ 
, 
, 


I 
, 
, 
, 


, 
I 
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, 
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INPUT 
: 
VOLTAGE 
1.3V_ 


TUH/11340-14 


'In shutdown mode, ~ 
will go high if it has been pulled up to an 


external supply . To avoid this invalid response, pull up to regulator output. 


• 'Exact 
value depends 
on dropout voltage, which varies with load current. 


If a single pull-up 
resistor 
is connected 
to the regulator 
out- 


put, the error flag may briefly 
rise up to about 
1.3V as the 


input voltage 
ramps 
up or down 
through 
the OV to 1.3V re- 


gion. 


In some cases, this 1.3V signal may be mis-interpreted 
as a 


false 
high by a ,..P which 
is still "alive" 
with 1.3V applied 
to 


it. 


To prevent 
this, 
the 
user 
may elect 
to use two 
resistors 


which 
are equal in value on the error output 
(one connected 


to ground 
and the other 
connected 
to the regulator 
output). 


If this two-resistor 
divider 
is used, the error output 
will only 


be pulled 
up to about 
0.6V 
(not 
1.3V) during 
power-up 
or 


power-down, 
so it can not be interpreted 
as a high signal. 


When 
the regulator 
output 
is in regulation 
(4.BV to 5V), the 


error 
output 
voltage 
will be 2.4V to 2.5V, which 
is clearly 
a 
high signal. 


OUTPUT 
ISOLATION 


The regulator 
output 
can be connected 
to an active voltage 


source 
(such 
as a battery) 
with the 
regulator 
input 
turned 


off, as long 
as the 
regulator 
ground 
pin Is connected 
to 


ground. 
If the 
ground 
pin is left floating, 
damage 
to 
the 


regulator 
can occur 
if the output is pulled up by an external 


voltage 
source. 


SNAP-ON/SNAP-OFF 
OPERATION 


The LP2957 
output can be wired for snap-on/snap-off 
oper- 


ation using three 
external 
resistors: 


V1N 


(6V-30V) 
R2 
LP2957 


STo 


GNO 


TL/H/11340-B 


'Minimum 
value (increase as required for smooth turn-on characteristic). 


When 
connected 
as shown, 
the 
shutdown 
input 
holds 
the 


regulator 
off until the input voltage 
rises 
up to the turn-on 
threshold 
(VaN), at which 
point the output 
"snaps 
on", 


When 
the 
input 
power 
is shut 
off 
(and 
the 
input 
voltage 


starts 
to decay) 
the output 
voltage 
will snap 
off when 
the 


input voltage 
reaches 
the turn-off 
threshold, 
VOFF. 


~ 


' 
VON 
- 
- 
- 
- 
- 
- 
- 
I 


: 
I - - vorr 


V1N 
~ 
:L 


TUH/11340-9 


FIGURE 
4. Snap-On/Snap-Off 
Input 
and Output 
Voltage 
Diagram 


It is important 
to note that the voltage 
VOFF must always 
be 
lower 
than 
VaN 
(the 
difference 
in these 
voltage 
levels 
is 


called 
the hysteresis). 
• 


Application 
Hints (Continued) 


Hysteresis 
is required 
when using snap-on/snap-off 
output, 
with the minimum 
amount 
of hysteresis 
required 
for a specif- 
ic application 
being dependent 
on the source 
impedance 
of 
whatever 
is supplying 
VIN. 


Caution: 
A type of low-frequency 
oscillation 
can occur 
if 
YON and 
VOFF are too 
close 
together 
(insuffi- 
cient 
hysteresis). 
When the output 
snaps on, the 
regulator 
must 
draw 
sufficient 
current 
to 
power 
the 
load 
and charge 
up the output 
capacitor 
(in 
most 
cases, 
the 
regulator 
will 
briefly 
draw 
the 
maximum 
current 
allowed 
by its internal 
limiter). 


For this reason, 
it is best to assume 
the LP2957 
may pull a peak current 
of about 600 mA from the 
source 
(which 
is the listed 
maximum 
short-circuit 
load current 
of 530 mA 
plus the ground 
pin cur- 
rent of 70 mAl. 


This 
high peak 
current 
causes 
VIN to drop 
by an amount 
equal to the source 
impedance 
multiplied 
by the current. 
" 
VIN drops 
below 
VOFF, the regulator 
will turn off and stop 
drawing 
current 
from 
the source. 
This will allow 
VIN to rise 
back up above 
YON, and the cycle will start over. The regu- 
lator will stay in this oscillating 
mode 
and never 
come 
into 
regulation. 


HYSTERESIS 
IN TRANSFORMER-POWERED 
APPLICATIONS: 


" the unregulated 
DC input voltage 
to the regulator 
comes 
from 
a transformer, 
the 
required 
hysteresis 
is easily 
mea- 
sured 
by loading 
the source 
with a resistive 
load. 


TRANSFORMER 
r----., 
I 
vtTIll 


GND 


TLIH/11340-10 
FIGURE 
5. Transformer 
Powered 
Input 
Supply 


" the regulator 
is powered 
from a battery, 
the source 
imped- 
ance will probably 
be low enough 
that other 
considerations 
will determine 
the optimum 
values 
for hysteresis 
(see 
De- 
sign Example 
# 2). 


For best results, 
the load resistance 
used to test the trans- 
former 
should 
be selected 
to draw about 
600 
mA for the 
maximum 
load current 
test, since this is the maximum 
peak 
current 
the 
LP2957 
could 
be expected 
to 
draw 
from 
the 
source. 


The difference 
in Input 
voltage 
measured 
at no load and 
full 
load 
defines 
the 
amount 
of 
hysteresis 
required 
for 
proper 
snap-on/snap-off 
operation 
(the 
programmed 
hysteresis 
must be greater 
than the difference 
in voltages). 


CALCULATING 
RESISTOR 
VALUES: 


The values 
of R1, R2 and R3 can be calculated 
assuming 
the designer 
knows 
the hysteresis. 


In most 
transformer-powered 
applications, 
it can 
be 
as- 
sumed 
that 
VOFF (the input voltage 
at turn-off) 
should 
be 
set tor 
about 
5.5V. since this allows 
about 
500 mV across 
the LP2957 to keep the output 
in regulation 
until it snaps oil. 


YON (the input voltage 
at turn on) is found 
by adding 
the 
hysteresis 
voltage 
to VOFF. 


R 1, R2 and R3 are found 
by solving 
the node equations 
for 
the 
currents 
entering 
the 
node 
nearest 
the 
shutdown 
pin 
(written 
at the turn-on 
and turn-off 
thresholds). 


The shutdown 
pin bias current 
(10 nA typical) 
is not included 
in the calculations: 


Turn-ON 
Transition 


LP2957 


S7D GND 


( 
VON 
- 
1.23) 
= 1.23 + 1.23 
(TURN-ON) 
R2 
R1 
R3 


VOFF - 
1.23 + 5 - 
1.23 = 1.23 
(TURN-OFF) 
R2 
R1 
R3 


Since these two 
equations 
contain 
three 
unknowns 
(R1, R2 
and R3) one resistor 
value 
must be assumed 
and then the 
remaining 
two values 
can be obtained 
by solving 
the equa- 
tions. 


The node equations 
will be simplified 
by solving 
both equa- 
tions for R2, and then 
equating 
the two to generate 
an ex- 
pression 
in terms 
of R1 and R3. 


R2 = (R1 x R3) x (VON - 
1.23) 


1.23 x (R1 + R3) 


R2 = (R1 x R3) x (VOFF - 
1.23) 


(1.23R1 
- 
3.77R3) 


Setting 
these equal to each other and solving 
for R 1 yields: 


R1 = R3 x (VOFF + 3.07VON 
-5) 


YON - 
VOFF 


The same equation 
solved 
for R3 is: 


R3 = 
R1 x (VON - 
VOFF) 


VOFF + 3.07VON 
-5 


A value for R1 or R3 can be derived 
using either 
one of the 
above equations, 
if the designer 
assumes 
a value for one of 
the resistors. 


The simplest 
approach 
is to assume 
a value 
for R3. Best 
results will typically 
be obtained 
using values 
between 
about 
20 kO 
and 
100 kO 
(this 
keeps 
the current 
drain 
low, but 
also generates 
realistic 
values 
for the other 
resistors). 


There 
is no limit on the minimum 
value 
of R3, but current 
should 
be minimized 
as it generates 
power 
that 
drains 
the 
source 
and does 
not power the load. 


Application 
Hints (Continued) 


SUMMARY: 
TO SOLVE 
FOR R1, R2 AND 
R3: 


1. Assume 
a value for either 
R1 or R3. 


2. Solve 
for the other 
variable 
using the equation 
for R1 or 
R3. 


3. Take the values 
for R1 and R3 and plug them 
back 
into 
either 
equation 
for R2 and solve for this value. 


DESIGN 
EXAMPLE 
# 1: 


A 5V regulated 
output 
is to be powered 
from a transformer 


secondary 
which 
is rectified 
and filtered. 
The voltage 
VIN is 


measured 
at zero current 
and maximum 
current 
(600 mAl to 
determine 
the minimum 
allowable 
hysteresis. 


VIN is measured 
using 
an 
oscilloscope 
(both 
traces 
are 


shown 
on the same grid for clarity): 


NO LOAD 
- 
•.•... 
V -.•.•... j --. 
- 
.•... 


FULL 
LOAD 


TLIH/11340-13 


FIGURE 
7. VIN VOLTAGE 
WAVEFORMS 


The full-load 
voltage 
waveform 
from a transformer-powered 


supply 
will have ripple voltage 
as shown. 
The correct 
point 


to measure 
is the lowest 
value 
of the waveform. 


The 
1.2V differential 
between 
no-load 
and full-load 
condi- 


tions 
means 
that at least 
1.2V of hysteresis 
is required 
for 


proper 
snap-on/snap-off 
operation 
(for 
this 
example, 
we 


will 
use 
1.5V). 


As a starting 
point, we will assume: 


VOFF = 5.5V 


YON = VOFF + HYST = 5.5 + 1.5 = 7V 


R3 = 49.9k 


Solving 
for R1: 


R1 = R3 X (VOFF + 3.07VON 
- 
5) 


YON - 
VOFF 


R1 = 49.9k x (5.5 + (3.07 
X 7) -5) 
7 - 5.5 


R1 = 731k (standard 
size 732k) 


Solving 
for R2: 


R2 = (R1 X R3) X VaN - 
1.23) 


1.23 
X (R1 + R3) 


R2 = (732k x 49.9k) x (7 - 
1.23) 


1.23 x (732k + 49.9k 


R2 = 219k (standard 
size 221k) 


DESIGN 
EXAMPLE 
#2: 


A 5V regulated 
output 
is to be powered 
from a battery 
made 
up of six NiCad cells. The cell data is: 


cell voltage 
(full charged): 
1AV 


cell voltage 
(90% 
discharged): 
1.0V 


The 
internal 
impedance 
of a typical 
battery 
is low enough 
that source 
loading 
during 
regulator 
turn-on 
is not usually 
a 
problem. 


In a battery-powered 
application, 
the turn-off 
voltage 
VOFF 


should 
be selected 
so that the regulator 
is shut down when 
the batteries 
are about 90% discharged 
(over discharge 
can 


damage 
rechargeable 
batteries). 


In this 
case, 
the 
battery 
voltage 
will 
be 6.0V 
at the 
90% 


discharge 
point (since there are six cells at 1.0V each). That 


means 
for this application, 
VOFF will be set to 6.0V. 


Selecting 
the optimum 
voltage 
for YON requires 
understand- 


ing battery 
behavior. 
If a Ni-Cad battery 
is nearly discharged 
(cell voltage 
1.0V) and 
the 
load 
is removed, 
the cell volt- 


age will drift back up. The voltage 
where 
the regulator 
turns 


on must be set high enough 
to keep the regulator 
from 
re- 


starting 
during 
this time, or an on-off 
pulsing 
mode 
can oc- 


cur. 


II the 
regulator 
restarts 
when 
the 
discharged 
cell 
voltage 


drifts 
up, the load on the battery 
will cause 
the cell voltage 


to fall below the turn-off 
level, which causes 
the regulator 
to 


shut down. The cell voltage 
will again float up and the on-off 


cycling 
will continue. 


For NiCad batteries, 
a good cell voltage 
to use to calculate 


YON is about 
1.2V per cell. In this application, 
this will yield a 


value for YON of 7.2V. 


We can now find R1, R2 and R3 assuming: 


VOFF = 6.0V 
YON = 7.2V 
R3 = 49.9k 


Solving 
for R1: 


R1 = R3 X (VOFF + 3.07VON 
- 
5) 


VaN - 
VOFF 


R1 = 49.9k x (6 + (3.07 
X 7.2) -5) 
7.2-6 


R1 = 961k (standard 
size 953k) 


Solving 
for R2: 


R2 = (R1 x R3) x (VON - 
1.23) 


1.23 x (R1 + R3) 


R2 = (953k x 49.9k) x (7.2 - 
1.23) 


1.23 x (953k + 49.9k) 


R2 = 230k (standard 
size 232k) 


c:( 
•.... 
~ 
Schematic Diagram 


Na. 
...J- 
•.... 
it') 
Q) 
Na. 
...J 


f}1National 
Semiconductor 


LP2980 
Micropower SOT, 50 mA Ultra Low-Dropout 
Regulator 


General Description 


The LP2980 
is a 50 mA, fixed-output 
voltage 
regulator 
de- 


signed 
specifically 
to meet the requirements 
of battery-pow- 


ered applications. 


Using 
an optimized 
VIPTM (Vertically 
Integrated 
PNP) pro- 


cess, 
the 
LP2980 
delivers 
unequaled 
performance 
in all 


specifications 
critical 
to battery-powered 
designs: 


Dropout 
Voltage. 
Typically 
120 
mV 
@ 50 mA 
load. 
and 


7 mV 
@ 1 mA load. 


Ground 
Pin Current. 
Typically 
375 I'-A @ 50 mA load, and 


80 I'-A 
@ 1 mA load. 


Sleep 
Mode. 
Less 
than 
1 
I'-A 
quiescent 
current 
when 


ON/OFF 
pin is pulled 
low. 


Smallest 
Possible 
Size. SOT-23 
package 
uses an absolute 


minimum 
of board 
space. 


Minimum 
Part Count. 
Requires 
only 
1 I'-F of external 
ca- 


pacitance 
on the regulator 
output. 


Precision 
Output. 
0.5% 
tolerance 
output 
voltages 
avail- 


able (A grade). 


5.0V, 
3.3V, 
and 3.0V versions 
available 
as standard 
prod- 


ucts. 


Features 


• 
Ultra low dropout 
voltage 


• 
Output 
voltage 
accuracy 
0.5% 
(A Grade) 


• 
Guaranteed 
50 mA output 
current 


• 
Smallest 
possible 
size (SOT-23 
Package) 


• 
Requires 
only 
1 I'-F external 
capacitance 


• < 1 I'-A quiescent 
current 
when 
shutdown 


• 
Low ground 
pin current 
at all load currents 


• 
High peak current 
capability 
(150 mA typical) 


• 
Wide 
supply 
voltage 
range 
(16V max) 


• 
Fast dynamic 
response 
to line and load 


• 
Low ZOUT over wide frequency 
range 


• 
Overtemperature/overcurrent 
protection 


• 
- 40·C to + 125·C junction 
temperature 
range 


Applications 


• 
Cellular 
Phone 


• 
Palmtop/Laptop 
Computer 


• 
Personal 
Digital Assistant 
(PDA) 


• 
Camcorder, 
Personal 
Stereo, 
Camera 


oN/0: 
G:O 
v:" 


• 
5 


Hie 
VOUT 


~ 
TLlH112078-38 


Actual 
Size 


Top View 


For Ordering 
Information 
See Table 
I in this Datasheet 
See NS Package 
Number 
MA05A 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Input Supply Voltage 
(Survival) 
-0.3Vto 
+16V 


please 
contact 
the 
National 
Semiconductor 
Sales 
Input Supply Voltage 
(Operating) 
2.Wto 
+16V 
Office/Distributors 
for availability 
and specifications. 
Shutdown 
Input Voltage 
(Survival) 
-0.3Vto 
+16V 
Storage 
Temperature 
Range 
- 65'C to + 150'C 
Output Voltage 
(Survival, 
Note 4) 
-0.3Vto 
+9V 
Operating 
Junction 
Temperature 
Range 
- 40'C to + 125'C 
lOUT (Survival) 
Short Circuit Protected 
Lead Temperature 
(Soldering, 
5 sec.) 
260'C 
Input-Output 
Voltage 
(Survival, 
Note 5) 
-0.3Vto 
+16V 
ESD Rating (Note 2) 
2kV 


Power Dissipation 
(Note 3) 
Internally 
Limited 


Electrical 
Characteristics 
Limits 
in standard 
typeface 
are for TJ = 25'C, 
and limits in boldface type apply 
over 
the 
full operating 
temperature 
range. 
Unless 
otherwise 
specified: 
VIN = VO(NOM) + 
W, 
IL = 
1 mA, COUT = 
1 /loF, 


VON/OFF = 2V. 


LP2980AI-XX 
LP29801-XX 


Symbol 
Parameter 
Conditions 
Typ 
(Note 6) 
(Note 6) 
Units 


Min 
Max 
Min 
Max 


Vo 
Output Voltage 
VIN = VO(NOM) + 
W 
5.0 
4.975 
5.025 
4.950 
5.050 


(5.0V Versions) 
1 mA < IL < 50 mA 
4.962 
5.038 
4.925 
5.075 
5.0 
4.875 
5.125 
4.825 
5.175 


Output Voltage 
VIN = VO(NOM) + 
W 
3.3 
3.283 
3.317 
3.267 
3.333 


(3.3V Versions) 
1 mA < IL < 50 mA 
3.275 
3.325 
3.250 
3.350 
V 
3.3 
3.217 
3.383 
3.184 
3.416 


Output Voltage 
VIN = VO(NOM) + 
W 
3.0 
2.985 
3.015 
2.970 
3.030 


(3.0V Versions) 
1 mA < IL < 50 mA 
2.977 
3.023 
2.955 
3.045 
3.0 
2.925 
3.075 
2.895 
3.105 


t:..vo 
Output Voltage 
VO(NOM) + 
W 
0.007 
0.014 
0.014 
%/V 
aVIN 
Line Regulation 
,;; VIN';; 
16V 
0.032 
0.032 


VIN-VO 
Dropout 
Voltage 
IL = 0 
1 
3 
3 


(Note 7) 
...,. 
5 
5 


IL = 1 mA 
7 
10 
10 
15 
15 
mV 
IL = 10 mA 
40 
60 
60 


; 
90 
90 


IL = 50 mA 
120 
150 
150 
225 
225 


IGND 
Ground 
Pin Current 
IL = 0 
65 
95 
95 
125 
125 


IL = 1 mA 
80 
110 
110 
170 
170 


IL = 10 mA 
140 
220 
220 
/loA 
460 
460 


IL = 50 mA 
375 
600 
600 
1200 
1200 


VON/OFF < 0.18V 
0 
1 
1 


VON/OFF 
ON/OFF 
Input Voltage 
High = O/PON 
1.4 
2.0 
2.0 


(Note 8) 
V 
Low = O/POFF 
0.55 
0.18 
0.18 


ION/OFF 
ON/OFF 
Input Current 
VON/OFF = 0 
0 
-1 
-1 


VON/OFF = 5V 
5 
/loA 
15 
15 


Electrical 
Characteristics 
Limits 
in standard 
typeface 
are for TJ = 25°C, and limits in boldface type apply 
over 
the 
full operating 
temperature 
range. 
Unless 
otherwise 
specified: 
VIN = VO(NOM) + 1V, IL = 
1 mA, COUT = 
1 JLF, 
YON/OFF 
= 2V. (Continued) 


LP2980AI-XX 
LP29801·XX 


Symbol 
Parameter 
Conditions 
Typ 
(Note 6) 
(Note 6) 
Units 


Mln 
Max 
Mln 
Max 


IO(pK) 
Peak Output Current 
VOUT ;;, VO(NOM) - 
5% 
150 
100 
100 
mA 


en 
Output 
Noise 
BW = 300 Hz-50 
kHz, 
160 
JLV 
Voltage 
(RMS) 
COUT = 10 JLF 


<lVOUT 
Ripple Rejection 
f = 1 kHz 
63 
dB 


<lVIN 
COUT = 10 JLF 


IO(MAX) 
Short Circuit Current 
RL = 0 (Steady 
State) 
150 
mA 
(Note 9) 


Note 
1: Absolute 
maximum ratings indicate limits beyond which damage to the component 
may occur. Electrical specifications 
do not apply when operating 
the 
device outside of its rated operating 
conditions. 


Note 2: The ESO rating of pins 3 and 4 is 1 kV. 


Note 3: The maximum allowable power dissipation is a function of the maximum junction temperature, 
TJ(MAX).the junction-te-ambient 
thermal resistance, 
9JA. and 


the ambient temperature, 
TA. The maximum allowable 
power dissipation 
at any ambient temperature 
is calculated 
using: 


p (MAX) 
~ 
TJIMAXl 
- 
TA 


6JA 


The value of 8JA for the SOT-23 package is 30crC/W. 
Exceeding the maximum allowable power dissipation will cause excessive die temperature, 
and the regulator 


will go into thermal shutdown. 


Note 4: If used in a dual-suppty system where the regulator 
load is returned to a negative supply, the LP2980 output must be diode-clamped 
to ground. 


Note 5: The output PNP structure contains a diode between the VIN and VOUT terminals that is normally reverse-biased. 
Reversing the polarity from VIN to VOUT 
will turn on this diode (see Application 
Hints). 


Note 6: Limits are 100% production 
tested at 25°C. Limits over the operating temperature 
range are guaranteed through correlation 
using Statistical Quality Control 
(SQC) methods. The limits are used to calculate 
National's 
Averaging Outgoing 
Level (AOQL). 


Note 7: Dropout voltage is defined as the input to output differential 
at which the output voltage drops 100 mV below 1he value measured with a 1V differential. 


Note 8: The ON/OFF 
inputs must be properly driven to prevent misoperation. 
For details, refer to Application 
Hints. 


Note 9: See Typical Performance 
Characteristics 
curves. 


·oN/OFF input must be actively terminated. 
Tie to VIN if this function is not to be used. 


ooMinimum Output Capacitance 
is 1 jA-Fto insure stability over full load current range. More capacitance 
provides superior dynamic performance 
and additional 
stability margin (see Application 
Hints) . 


••• Do not make connections 
to this pin. 
• 


Output 
Order 
Package 
Voltage 
Grade 
Information 
Marking 
Supplied 
as: 


(V) 


5.0 
A 
LP2980AIM5X-5.0 
L01A 
3k Units on Tape and Reel 


5.0 
A 
LP2980AIM5-5.0 
L01A 
250 Units on Tape and Reel 


5.0 
STD 
LP2980IM5X-5.0 
L01B 
3k Units on Tape and Reel 


5.0 
STD 
LP2980IM5-5.0 
L01B 
250 Units on Tape and Reel 


3.3 
A 
LP2980AIM5X-3.3 
LOOA 
3k Units on Tape and Reel 


3.3 
A 
LP2980AIM5-3.3 
LOOA 
250 Units on Tape and Reel 


3.3 
STD 
LP2980IM5X-3.3 
LOOB 
3k Units on Tape and Reel 


3.3 
STD 
LP2980IM5-3.3 
LOOB 
250 Units on Tape and Reel 


3.0 
A 
LP2980AIM5X-3.0 
L02A 
3k Units on Tape and Reel 


3.0 
A 
LP2980AIM5-3.0 
L02A 
250 Units on Tape and Reel 


3.0 
STD 
LP29801M5X-3.0 
L02B 
3k Units on Tape and Reel 


3.0 
STD 
LP2980IM5·3.0 
L02B 
250 Units on Tape and Reel 


Top View 


See NS Package 
Number 
MA05A 


Typical Performance 
Characteristics 
Unless 
otherwise 
specified: 
TA = 25°C, VIN = VO(NOM) + 1V, COUT = 2.2 JLF, all voltage 
options, 
ON/OFF 
pin tied to VIN· 


Output 
Voltage 
vs 
Output 
Voltage 
vs 


Temperature 
Temperature 


5.020 


I I 


3.288 
I 
VOUT = 3.3V 


VOUT = 5V 
3.286 


5.010 
V- 
- 
~ 
I 


~ 
~ 
I,.-. 
./ ,/ 
~ 
" 


~ 3.283 


f 


=> 
=> 


>0 
° 
..•... 
> 


5.000 
- 
3.280 


4.990 
3.278 


-50 
-25 
0 
25 
50 
75 
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Typical Performance 
Characteristics 
(Continued) 


Unless 
otherwise 
specified: 
TA = 25°C. VIN = VO(NOM) + lV, 
COUT = 2.2 IJoF, all voltage 
options, 
ON/OFF pin tied to VIN· 


Dropout 
Voltage 
vs 
Dropout 
Voltage 
va 


Temperature 
Load Current 
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Typical Performance 
Characteristics 
(Continued) 


Unless 
otherwise 
specified: 
TA = 25'C, 
VIN = VO(NOM) + 1V, COUT = 2.2 fLF, all voltage 
options, 
ON/OFF 
pin tied to VIN· 
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Typical Performance 
Characteristics 
(Continued) 
_ 


Unless 
otherwise 
specified: 
TA = 25°C, VIN = VO(NOM) + 1V, COUT = 2.2 fLF, all voltage 
options, 
ON/OFF 
pin tied to VIN· 


Short Circuit Current 
Instantaneous 
Short Circuit Current 
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Typical Performance 
Characteristics 
(Continued) 
Unless 
otherwise 
specified: 
TA = 25'C, 
VIN = VO(NOM) + 1V, COUT = 2.2 fLF, all voltage 
options, 
ON/OFF pin tied to VIN· 
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Leakage 
vs 
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Typical Performance 
Characteristics 
(Continued) 


Unless 
otherwise 
specified: 
TA = 25·C, VIN = VO(N~ 
+ W, COUT = 2.2 ,...F, 


all voltage 
options, 
ON/OFF 
pin tied to VIN. 


ON/OFF 
Pin Current 
vs 
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Application 
Hints 


OUTPUT 
CAPACITOR 


Like any low-dropout 
regulator, 
the LP2980 
requires 
an out- 


put capacitor 
to maintain 
regulator 
loop stability. 
This capac- 


itor must be selected 
to meet the requirements 
of minimum 


capacitance 
and equivalent 
series 
resistance 
(ESR) range. 
It is not difficult 
to find capacitors 
which 
meet the criteria 
of 


the 
LP2980, 
as 
the 
acceptable 
capacitance 
and 
ESR 


ranges 
are wider than for most other 
LDOs. 


In general, 
the capacitor 
value 
must be at least 
1 ,...F (over 


the 
actual 
ambient 
operating 
temperature), 
and 
the 
ESR 


must be within 
the range indicated 
in Figures 
1, 2, and 3. It 


should 
be noted that, although 
a maximum 
ESR is shown 
in 


these 
Figures, 
it is very unlikely 
to find a capacitor 
with ESR 


that high. 


Tantalum 
Capacitors 


Surface-mountable 
solid 
tantalum 
capacitors 
offer 
a good 


combination 
of small 
physical 
size for the capacitance 
val- 


ue, and ESR in the range 
needed 
by the LP2980. 


The 
results 
of 
testing 
the 
LP2980 
stability 
with 
surface- 


mount 
solid 
tantalum 
capacitors 
show 
good 
stability 
with 


values 
of at 
least 
1 ,...F. The 
value 
can 
be 
increased 
to 


2.2 
,...F (or 
more) 
for 
even 
better 
performance, 
including 


transient 
response 
and noise. 


Small value 
tantalum 
capacitors 
that have been verified 
as 


suitable 
for use with the LP2980 
are shown 
in Table 
II. Ca- 


pacitance 
values 
can be increased 
without 
limit. 


Aluminum 
Electrolytic 
Capacitors 


Although 
probably 
not a good 
choice 
for a production 
de- 
sign, because 
of relatively 
large physical 
size, an aluminum 


electrolytic 
capacitor 
can be used 
in the design 
prototype 


for an LP2980 
regulator. 
A value of at least 1 ,...F should 
be 
used, and the ESR must meet the conditions 
of Figures 
1,2, 


and 
3. If the 
operating 
temperature 
drops 
below 
O·C, the 


regulator 
may not remain 
stable, 
as the ESR of the alumi- 


num electrolytic 
capacitor 
will increase, 
and may exceed 
the 


limits indicated 
in the Figures. 


TABLE 
II. Surface-Mount 
Tantalum 
Capacitor 


Selection 
Guide 


1 ,...FSurface-Mount 
Tantalums 


Manufacturer' 
'Part Number 


Kemet 
T491A105M010AS 


NEC 
NRU105M10 


Siemens 
845196-E3105-K 


Nichicon 
.' 
F931C105MA 


Sprague 
293D105X0016A2T 


2.2 ,...FSurface·Mount 
Tantalums 


Manufacturer 
Part Number 


Kemet 
T491 A225M01 
OAS 


NEC 
. 


NRU225M06 


Siemens 
845196/2.2/10/10 


Nichicon 
F930J225MA 


Sprague 
293D225X0010A2T 


Multilayer 
Ceramic 
Capacitors 


Surface-mountable 
multilayer 
ceramic 
capacitors 
may be an 


attractive 
choice 
because 
of their 
relatively 
small 
physical 


size and excellent 
RF characteristics. 
However, 
they some- 


times 
have ESR values 
lower than the minimum 
required 
by 


the 
LP2980, 
and 
relatively 
large 
capacitance 
change 
with 


temperature. 
The manufacturer's 
datasheet 
for the capaci- 


tor should 
be consulted 
before 
selecting 
a value, 


Test results 
of LP2980 
stability 
using multilayer 
ceramic 
ca- 


pacitors 
show 
that 
a minimum 
value 
of 2.2 
,...F is usually 


needed 
for the 5V regulator. 
For the lower output 
voltages, 


or for better 
performance, 
a higher 
value 
should 
be used, 


such as 4.7 ,...F. 


Multilayer 
ceramic 
capacitors 
that 
have 
been 
verified 
as 


suitable 
for use with the LP2980 
are shown 
in Table 
III. 


TABLE 
III. Surface· 
Mount 
Multilayer 
Ceramic 
Capacitor 


Selection 
Guide 


2.2 ,...FSurface-Mount 
Ceramic 


Manufacturer 
Part Number 


Tokin 
1E225ZY5U-C203 


Murata 
GRM42-6Y5V225Z16 


4.7 ,...FSurface· 
Mount 
Ceramic 


Manufacturer 
Part Number 


Tokin 
1E475ZY5U-C304 
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REVERSE 
CURRENT 
PATH 
The power transistor used in the LP2980 has an inherent 
diode connected between the regulator input and output 
(see below). 
r--*--, 
I 
I 


V1N: 
: 
VOUT 
o-- ••-~¥,.-- o 


If the output is forced above the input by more than a VSE, 
this diode will become forward biased and current will flow 
from the Your terminal to VIN. No damage to the LP2980 
will occur under these conditions as long as the current 
flowing into the output pin does not exceed 100 mA. 


ON/OFF 
INPUT OPERATION 
The LP2980 is shut off by pulling the ON/OFF input low, 
and turned on by driving the input high. If this feature is not 
to be used, the ON/OFF input should be tied to VINto keep 
the regulator on at all times (the ON/OFF input must not be 
left floating). 
To ensure proper operation, the signal source used to drive 
the ON/OFF input must be able to swing above and below 
the 
specified turn-on/turn-off 
voltage thresholds 
which 


guarantee an ON or OFF state (see Electrical Characteris- 
tics). 


The ON/OFF signal may come from either a totem-pole out- 
put, or an open-collector output with pull-up resistor to the 
LP2980 input voltage or another logic supply. The high-level 
voltage may exceed the LP2980 input voltage, but must re- 
main within the Absolute Maximum Ratings for the ON/OFF 
pin. 
It is also important that the turn-on/turn-off voltage signals 
applied to the ON/OFF input have a slew rate which is 
greater than 40 mV/ILS. 
Important: the regulator shutdown function will operate in- 
correctly if a Slow-moving signal is applied to the ON/OFF 
input. 


6-16 
VOC 


INPUT 
(Note 
E) 


ON/OFF 
(Note 
A) 


0.1 }JoF 
Ceremiq 
(Note 
CJ 


The LP2980 can be used to control higher-current regula- 
tors, by adding an external PNP pass device. With the PNP 
transistors shown, the output current can be as high as 400 
mA, as long as the input voltage is held within the Safe 
Operation Boundary Curves shown below. 
To ensure regulation, the minimum input voltage of this reg- 
ulator is 6V. This "headroom" is the sum of the VSE of the 
external transistor and the dropout voltage of the LP2980. 


~PS2907A 
OR 
7N440~ 
(Note 
B) 


5V 
OUT 


'L : 400 mA (msx) 
(Note 
E) 


Your 
LP2980-5 


GNO 


+ 2.2}JoF 
l 
antalum 
Notes 
C,O) 


Notes: 
A. Drive this input with a logic signal (see Application Hints). 
If the shutdown function is not to be used, tie the ON/OFF 
pin directly to the V,N pin. 
B. Recommended devices (other PNP transistors can be 
used if the current gain and voltage ratings are similar). 
C. Capacitor is required for regulator stability. Minimum size 
is shown, and may be increased without limit. 


D. Increasing the output capacitance improves transient re- 
sponse and increases phase margin. 
E. Maximum safe input voltage and load current are limited 
by power dissipation in the PNP pass transistor and the 
maximum ambient temperature for the specific application. 
If a TO-92 transistor such as the MPS2907A is used, the 
thermal resistance from junction-to-ambient is 180'C/W in 
still air. 
Assuming a maximum allowable junction temperature of 
150'C for the MPS2907A device, the following curves show 
the maximum V,N and IL values that may be safely used for 
several ambient temperatures. 
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Curves 
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ON/OFF 
(Note 
A) 


1 ).<F 
Tantalum 
(Note 
B) 


With 
limited 
input voltage 
range, 
the LP2980 
can control 
a 
3.3V, 3A regulator 
with the use of a high current-gain 
exter- 
nal PNP pass transistor. 
If the regulator 
is to be loaded 
with 


the full 3A, heat sinking 
will be required 
on the pass transis- 
tor to keep it within its rated temperature 
range. 
Refer to the 
Heatsink 
Thermal 
Resistance 
Requirements, 
below. 
For 
best 
load 
regulation 
at the 
high 
load current, 
the 
LP2980 
output 
voltage 
connection 
should 
be made 
as close 
to the 


load as possible. 


Although 
this regulator 
can handle 
a much higher 
load cur- 
rent than can the LP2980 
alone, 
it can be shut down 
in the 
same manner 
as the LP2980. 
When the ON/OFF 
control 
is 
brought 
low, the converter 
will be in shutdown, 
and will draw 
less than 
1 IJ-Afrom the source. 


VOUT 


3.3V 
@ 
3A (mox) 


+ 
22).<F 


Tantalum 
(Notes 
B,C) 


Notes: 


A. Drive this input with a logic signal (see Application 
Hints). 


If the shutdown 
function 
is not to be used, tie the ON/OFF 
pin directly 
to the V'N pin. 


B. Capacitor 
is reqUired for regulator 
stability. 
Minimum 
size 


is shown, 
and may be increased 
without 
limit. 


C. Increasing 
the output 
capacitance 
improves 
transient 
re- 
sponse 
and increases 
phase 
margin. 


D. A heatsink 
may be required 
for this transistor. 
The maxi- 


mum allowable 
value for thermal 
resistance 
of the heatsink 


is dependent 
on ambient 
temperature 
and load current 
(see 
curves 
below). 
Once the value is obtained 
from the graph, 
a 
heatsink 
must be selected 
which 
has a thermal 
resistance 


equal 
to 
or lower 
than 
this 
value. 
If the 
value 
is above 


60'C/W, 
no heatsink 
is required 
(the TO-220 
package 
alone 
will safely 
dissipate 
this). 


For these curves, 
a maximum 
junction 
temperature 
of 150'C 


is assumed 
for the pass transistor. 
The case-to-heatsink 
at- 


tachment 
thermal 
resistance 
is assumed 
to be 1.5'C/W. 
All 
calculations 
are for 5.5V input voltage 
(which 
is worst-case 


for power dissipation). 


Heatsink 
Thermal 
Resistance 
Requirements 
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Switching Regulators 
Definition of Terms 


Boost 
Regulator: 
A switching 
regulator 
topology 
in which a 


lower 
DC voltage 
is converted 
to a higher 
DC voltage. 
Also 


known 
as a Step-Up Regulator. 


Buck 
Regulator: 
A switching 
regulator 
topology 
in which 
a 


higher 
DC voltage 
is converted 
to a lower 
DC voltage. 
Also 


known 
as a Step-Down Regulator. 


Buck-Boost 
Regulator: 
A switching 
regulator 
topology 
in 


which 
a positive 
DC voltage 
is converted 
to a negative 
DC 


voltage 
without 
the use of a transformer. 
A variation 
of this 


topology 
produces 
a positive 
DC output 
voltage 
which 
is 


between 
the positive 
DC input voltage 
maximum 
and mini- 


mum limits, 
i.e., providing 
both buck and boost 
functions. 


Burst 
Mode: 
The mode of operation 
in a switching 
regulator 


that 
results 
when 
the 
load current 
is reduced 
to the 
point 


where the minimum 
duty cycle of each pulse provides 
more 


energy 
than 
the load demands, 
thus causing 
the controller 


to "skip" 
pulses 
(or sets 
of pulses) 
to maintain 
the output 


voltage 
at its correct 
value. 


Duty 
Cycle 
(D): The ratio of the period 
of time the output 


switch 
is ON to the total oscillator 
period. 


0= 
tONIT 


Capacitor 
Ripple 
Current: 
The RMS value of the maximum 


allowable 
alternating 
current 
at which 
a capacitor 
can 
be 


operated 
continuously 
at a specified 
temperature. 
This pa- 
rameter 
is specified 
by the 
capacitor 
manufacturer, 
and 


must 
be considered 
when 
a capacitor 
is used as part of a 


switching 
regulator 
input or output 
filter. 


Catch 
Diode: 
The 
diode 
which 
provides 
a return 
path 
for 


the 
load 
current 
when 
the 
regulator 
switch 
is OFF. 
For 


switching 
regulators, 
the types 
of diodes 
normally 
used in- 


clude 
Schottky-barrier, 
fast-recovery, 
and 
ultra-fast 
recov- 


ery. Also known 
as a steering diode or free-wheeling diode. 


Collector 
Saturation 
Voltage: 
With 
the emitter 
grounded 


and 
the 
switch 
ON, 
the 
collector-to-emitter 
voltage 
of an 


NPN transistor 
switch 
at a specified 
collector 
current. 


Compensation: 
The circuitry 
required 
to provide 
adequate 


stability 
for the regulator 
control 
loop. 


Continuous 
Mode 
Operation: 
Relates 
to the inductor 
cur- 


rent. In the continuous 
mode, the inductor 
current 
is always 


greater 
than zero. 
In discontinuous 
mode, 
the inductor 
cur- 


rent falls to zero before 
the end of each switching 
cycle. 


Current 
Limit 
Sense 
Voltage: 
For regulator 
ICs that 
have 


externally-controlled 
current 
limit, 
the 
current 
limit 
sense 


voltage 
is the voltage 
that 
must 
be applied 
(between 
two 


specrtied 
pins) 
to turn 
the 
output 
transistor 
OFF and 
start 


other 
current 
limit functions 
within 
the IC. 


Current-Mode 
Control: 
A method 
of feedback 
control 
used 


in switching 
regulators 
where 
both 
the output 
voltage 
and 


the 
switch 
current 
are 
used 
to 
control 
the 
switching 
ele- 


ment. 


Diode 
Recovery 
Time: 
The period 
of time it takes 
the cur- 


rent through 
a diode to return to zero after the forward 
volt- 


age is removed 
(i.e., the diode is turned 
OFF). 


Discontinuous 
Mode 
Operation: 
See 
Continuous Mode 


Operation. 


Efficiency 
(1/): The proportion 
of input power actually 
deliv- 


ered to the load. 


n = POUT = 
POUT 


PIN 
POUT + PLOSS 


Electromagnetic 
Interference 
{EM I): A generic 
term which 
is used 
to refer 
to any type 
of unwanted 
electromagnetic 


radiation 
coming 
from a system 
such as a switching 
regula- 


tor. 


Emitter 
Saturation 
Voltage: 
With the collector 
pulled 
up to 


the 
DC input 
voltage 
and 
the 
switch 
ON, the 
collector-to- 


emitter 
voltage 
of a NPN 
transistor 
switch 
at a specified 


emitter 
current. 


Error 
Amplifier 
(or Comparator): 
An amplifier 
(or compar- 
ator) which 
is used to detect 
the difference 
between 
a feed- 
back voltage 
(usually proportional 
to the output 
voltage) 
and 


a DC reference 
voltage. 
The resulting 
error voltage 
is used 


in the regulator 
control 
circuitry 
to adjust the switch 
on-time. 


This error 
amplifier 
may be either 
a transconductance-type 


or an operational 
amplifier. 


ESR: 
A 
parasitic 
element 
of 
every 
capacitor, 
the 
ESR 


(equivalent 
series 
resistance) 
is the purely 
resistive 
compo- 


nent 
of a real capacitor's 
impedance. 
It is modeled 
as a 


resistor 
in series with the capacitive 
element, 
and its value is 


usually 
determined 
by the device 
construction. 


ESL: A parasitic 
element 
of every capacitor, 
which 
limits its 


effectiveness 
at high frequencies. 
The ESL (equivalent 
se- 


ries inductance) 
is the pure inductance 
component 
of a de- 


vice. Its value 
is usually 
determined 
by the device 
construc- 


tion, 
especially 
its leads. 
It is modeled 
as an inductor 
in 


series 
with the capacitive 
element. 


E-Top: See Operating Volt-Microsecond Constant. 


Flyback 
Regulator: 
A switching 
regulator 
topology 
in which 


a DC voltage 
is converted 
to another 
DC voltage 
by means 


of a transformer 
which 
stores 
energy 
delivered 
by a switch 


during 
the switch 
ON time, 
and transfers 
the energy 
to an 


output 
storage 
capacitor 
during 
the switch 
OFF time. 


Inductor 
Ripple 
Current 
(1lIINO): 
The peak-to-peak 
value 


of the inductor 
current 
waveform, 
typically 
a sawtooth 
wave- 


form 
when 
the 
regulator 
is operating 
in the 
continuous 


mode. 


Inductor 
Saturation: 
The condition 
which 
exists 
when 
an 


inductor 
cannot 
hold any more 
magnetic 
flux. When 
an in- 


ductor 
saturates, 
its inductance 
appears 
to decrease 
and 


the resistive 
component 
dominates. 
Inductor 
current 
is then • 


limited 
only by the DC resistance 
of the wire and the avail- 


able source 
current. 


Inverting 
Regulator: 
A switching 
regulator 
which 
converts 


a positive 
DC voltage 
to a negative 
DC voltage. 
The buck- 


boost topology 
is often 
used for this function. 


Magnetic 
Flux Interference: 
Unwanted 
interference 
emit- 
ted by magnetic 
components 
(transformers 
and inductors) 


in the form 
of magnetic 
flux. Magnetic 
flux interference 
can 


be minimized 
by the use of magnetic 
cores 
(such as toroid 


or pot core) which 
contain 
the flux, or by shielding 
with ma- 
terials 
such as steel or mu-metal. 
Aluminum 
and copper 
are 


not effective 
in shielding 
flux. 


Operating 
Volt-Microsecond 
Constant: 
The 
product 
(in 


Volts x microseconds) 
of the voltage 
applied 
to the switch- 


ing regulator 
inductor 
and the period 
of time the voltage 
is 


applied. 
Abbreviated 
as E-TOP, this constant 
is a measure 


of the energy-handling 
capability 
of an inductor, 
and is de- 
pendent 
upon the type of core used, its core area, the num- 


ber of turns of wire used, and the applied 
duty cycle. 


Oscillator 
Frequency: 
The frequency 
of the internal 
oscilla- 
tor used in the control 
of the switching 
regulator. 
Generally 


the 
same 
as the switching frequency, for most 
regulators 


the 
oscillator 
frequency 
is fixed, 
either 
internally 
or by an 


external 
resistor 
and/or 
capacitor. 


Output 
Ripple 
Voltage: 
The AC component 
of the switch- 


ing regulator 
output 
voltage. 
it is usually 
dominated 
by the 


output 
capacitor 
ESR multiplied 
by the 
applied 
ripple 
cur- 


rent, but may have high-frequency 
spikes 
caused 
by effects 


of output 
capacitor 
ESL. 


Pulse-Width 
Modulation 
(PWM): A method 
of control 
used 


in a switching 
regulator 
where 
the duty cycle 
of the switch- 


ing element 
is used to control 
the output 
voltage. 


Radio Frequency 
Interference 
(RFI): High-frequency 
elec- 


tromagnetic 
radiation 
resulting 
from 
the 
high 
switching 


speeds 
of sWitching 
transistors 
and rectifiers, 
often 
causing 


problems 
in nearby 
circuitry 
that 
is sensitive 
to the 
large 
noise "spikes" 
that are often 
associated 
with it. RFI can be 


easily shielded 
by a good electrical 
conductor 
such as cop- 
per or aluminum. 


Snubber: 
A network 
used 
to 
limit 
the 
voltage 
developed 


across 
a component. 
The network 
usually 
consists 
of a ze- 


ner diode, 
or a diode 
in series 
with 
a parallel 
resistor 
and 
capacitor. 
In a switching 
regulator, 
the snubber 
is most 
of- 


ten used to limit the switch 
voltage 
of a flyback 
regulator. 


Soft 
Start: 
In a switching 
regulator, 
a soft 
start 
limits 
the 


duty cycle 
of the regulator 
during 
startup. 
This in turn limits 


the 
energy 
the 
regulator 
demands 
from 
its source 
while 


building 
up the output 
voltage 
from its initial condition 
of av. 


Standby 
Quiescent 
Current: 
For a regulator 
with 
an ONI 


OFF pin, this 
is the 
supply 
current 
(or ground 
pin current) 


required 
by the 
regulator 
IC when 
in the 
standby 
(OFF) 


mode. 


Switch: 
In a switching 
regulator,'a 
transistor 
or MOSFET 
used to deliver 
energy, 
in pulses, 
into energy 
storage 
devic- 


es (such 
as inductors, 
transformers, 
or capacitors) 
for use 
by a load. 


Switching 
Frequency: 
See Oscillator Frequency. 


Step Response: 
The transient 
response 
of a regulator 
out- 


put after 
the 
load 
current 
is "stepped" 
from 
one 
value 
to 


another. 
This test is often 
used for evaluating 
the loop sta- 


bility of a regulator. 


Transient 
Response 
Time: The period 
of time it takes 
the 


output 
of a regulator 
to return to a steady-state 
value after a 


change 
in line voltage 
or load current. 
See also Step Re- 
sponse. 


Voltage 
Mode 
Control: 
A method 
of 
control 
used 
in a 


switching 
regulator 
where feedback 
from the output 
voltage 


is used to provide 
control 
of the switching 
element. 


en 


t!JNational 


::e 
;:;: 
Semiconductor 
n 
::r:i" 
cc< 
0 
Switching Voltage Regulators Selection Guide 
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CD 
:J:J 
CD 
DC/DC Voltage Converters 


ccc 
iii'- 
Output 
Standard 
Input 
Output 
Switching 
Operating 
0 
Package 
Page 
..• 
Current 
Device 
Operating 
Voltage 
Voltage 
Frequency 
Efficiency 
Temperature 
Ul 
Availability" 
No. 
en 
(A) 
Modes 
(V) 
(V) 
(kHz) 
(%) 
(TjOC) 
CD 


3.0 
LM1577' 
Step-Up, 
3.5 t040 
12, 15, Adjustable 
52 
80 
-55to 
+150 
K4··· 
3-80 
e;-n 
Flyback 
- 
cr 


LM2577' 
Step-Up, 
3.5 to 40 
12, 15, Adjustable 
52 
80 
-40 
to + 125 
M24, N16, 
3-80 
~ 
C) 
Flyback 
S5,T5 
c 


LM2576 
Step-Down 
4 to 40 
3.3,5,12,15, 
52 
77 to 88 
-40 
to +125 
55, T5 
3-63 
a: 
CD 
Adj. (1.23 to 37) 


LM2576HV 
Step-Down 
4t060 
3.3,5,12,15, 
52 
77 to 88 
-40 
to +125 
T5 
3-63 


Adj. (1.23 to 57) 


1.0 
LM1575 
Step-Down 
4t040 
5,12,15, 
52 
77 to 88 
-55to 
+150 
K4··· 
3-45 


Adj. (1.23 to 37) 


LM2575 
Step-Down 
4t040 
3.3,5,12,15, 
52 
77 to 88 
-40 
to + 125 
M24, N16, 
3-45 


Adj. (1.23 to 37) 
55, T5 


LM2575HV 
Step-Down 
4t060 
3.3,5,12,15, 
52 
77 to 88 
-40 
to +125 
M24, N16, 
3-45 


Adj. (1.23 to 57) 
55, T5 


0.5 
LM2574 
Step-Down 
4t040 
3.3,5,12,15, 
52 
77 to 88 
-40 
to +125 
M14,N8 
3-27 


Adj. (1.23 to 37) 


LM2574HV 
Step-Down 
4t060 
3.3,5,12,15, 
52 
77t088 
-40to 
+125 
M14, N8 
3-27 


Adj. (1.23 to 57) 


0.05 
LMC76601 
Invert 
1.5to 
10 
-1.5to 
-10 
10 
90 
-40 
to +125 
N8 
3-202 


-The 3.0A specification 
indicates the rated operating 
switch current of the LM1577, and lM2577. 


··Under 
Package Availability the letter identifies the type of package available and the number indicates the number of leads of the package. 
For example: TS = 5-Lead TO-220, and M14 = 14·Lead Surface Mount. 


K: Metal Can (TO-3) 
M: Small Outline Molded Package (Surface Mount) 
N: Molded Dual-In-Une 
Package 
S: TO-263 (Power Surface Mount) 
T: TO-220 


···Available 
in indicated 
package only as a military specified 
device. 


• 


Current 
Device 
Operating 
Voltage 
VOltage 
Frequency 
I em perature 
Availability·· 
No. 


(A) 
Modes 
(V) 
(V) 
(kHz) 
(Tj'C) 


5.0 
LH1605 
Step-Down 
8t035 
3t030 
6 to 100 
-55 
to + 150 
K8 
3-7 


LH1605C 
Step-Down 
8t035 
3t030 
6to 
100 
-25 
to + 150 
K8 
3-7 


1.5 
LM78S40 
Step-Up, 
Step-Down, 
Invert 
2.5to 
50 
Adjustable 
0.1 to 100 
-55to 
+150 
J16··· 
3·195 


LM78S40 
Step-Up, 
Step-Down, 
Invert 
2.5 to 50 
Adjustable 
0.1 to 100 
-40 
to +125 
N16 
3·195 


LM78S40C 
Step-Up, 
Step-Down, 
Invert 
2.5 to 50 
Adjustable 
0.1 to 100 
Oto 
+125 
N16 
3-195 


0.75 
LM1578A 
Step-Up, 
Step-Down, 
Flyback, 
Invert 
2t040 
Adjustable 
0.001 to 100 
-55to 
+150 
HS··· 
3-102 


LM2578A 
Step-Up, 
Step-Down, 
Flyback, 
Invert 
2t040 
Adjustable 
0.001 to 100 
-40 
to +125 
M8,N8 
3-102 


LM3578A 
Step-Up, 
Step-Down, 
Flyback, 
Invert 
2t040 
Adjustable 
0.001 to 100 
Oto 
+125 
M8, N8 
3-102 


0.2· 
LM2524D 
Step-Up, 
Step-Down, 
Flyback, 
Invert 
5t040 
Adjustable 
1 to 550 
-40 
to +125 
N16 
3-10 


LM3524D 
Step-Up, 
Step-Down, 
Flyback, 
Invert 
5t040 
Adjustable 
1 to 350 
o to +125 
M16, N16 
3-10 


·Switch 
current specification 
is the maximum 
capability for each of the dual internal NPN transistors. 


··Under 
Package 
Availability the letter identifies the type of package 
available 
and the number indicates the number of leads of the package. 


For example: TS - 
5-Lead TO-220, and M14 = 14-Lead Surface Mount. 


H: Metal Can (T0-99) 


J: Ceramic Dual-in-Line Package 
K: Metal Can (TQ-3) 
M: Small Outline Molded Package (Surface Mount) 
N: Molded 
Dual-In-Line 
Package 


···Available 
in indicated 
package 
only as a military specified device. 


LH160S/LH160SC 
S Amp, High Efficiency Switching Regulator 


General Description 
The LH1605 is a hybrid switching regulator with high output 
current capabilities. It incorporates a temperature-compen- 
sated voltage reference, a duty cycle modulator with the 
oscillator frequency programmable, error amplifier, high cur- 
rent-high voltage output switch, and a power diode. The 
LH1605 can supply up to 5A of output current over a wide 
range of regulated output voltage. 


Features 
• 
Step down switching regulator 
• 
Output adjustable from 3.0V to 30V 
• 
5A output current 
• 
High efficiency 
• 
Frequency adjustable to 100 kHz 
• 
Standard 8-pin TO-3 package 


INPUT 
OUTPUT 
Case is Ground 


STEERING 
DIODE 
N.C. 
OUTPUT 
(ANODE) 
VREF 
DIODE 


AllP IN 
N.C. 


INPUT 


GROUND 


TLIK/10114-2 


ERROR 
Top View 
AllPLIFIER 


TIlliNG 
INPUT 
Order 
Number 
LH1605K 
or 


CAPCr 
LH1605CK 
See NS Package 
Number 
K08A 


EXT. CAP. 
(VREF) 


TL/K/l0114-1 
• 


Absolute Maximum Ratings 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Storage 
Temperature 
Range (TSTG) 
- 65'C to + 150'C 


please 
contact 
the 
National 
Semiconductor 
Sales 
Duty Cycle (D.C.) 
20% to 80% 
Office/Distributors 
for availability 
and specifications. 
Steering 
Diode 
Reverse 
Voltage 


Input Voltage 
(VIN) 
35Vmax 
(VR) (V8-7) 
60V 


Output Current 
(10) 
6A 
Steering 
Diode 
Forward 
Current 


Operating 
Temperature 
(TJ) 
150'C 
(10) (17-8) 
6A 


Internal 
Power Dissipation 
(Po) (Note 1) 
20W 


Operating 
Temperature 
(TA) 


LH1605C 
- 25'C to + 85'C 
LH1605 
- 55'C to + 125'C 


Electrical Characteristics 
Te = 25'C, VIN = 15V, VOUT = 1OV unless otherwise 
specified 


Conditions 
LH1605 
LH1605C 
Units 
Symbol 
Characteristics 
Min 
Typ 
Max 
Min 
Typ 
Max 


VOUT 
Output Voltage 
Range 
VIN;;' 
Va +5V 
3.0 
30 
3.0 
30 


10 = 2A 


(Note 2) 


Vs 
Switch Saturation 
Voltage 
Ie = 5.0A 
1.6 
2.0 
1.6 
2.0 


Ie = 2.OA 
1.0 
1.2 
1.0 
1.2 


VF 
Steering 
Diode On Voltage 
10 = 5.0A 
1.2 
2.8 
1.2 
2.8 
V 


10 = 2.OA 
1.0 
2.0 
1.0 
2.0 


VIN 
Supply Voltage 
Range 
10 
35 
10 
35 


IR 
Steering 
Diode Reverse 
Current 
VR = 25V 
0.1 
5.0 
0.1 
5.0 
/LA 


10 
Quiescent 
Current 
lOUT = 0.2A 
20 
20 
mA 


V2 
Voltage 
on Pin 2 
2.5 
2.5 
V 


AV2/AT 
V2 Temperature 
Coeff. 
100 
100 
ppm/'C 


V4 
Voltage 
Swing-Pin 
4 
3.0 
3.0 
V 


14 
Charging 
Current-Pin 
4 
70 
70 
/LA 


RA 
Resistance 
Pin 3 to GND 
2.0 
2.0 
kO 


ARA/AT 
Resistance 
Temp. Coeff. 
75 
75 
ppm/'C 


tr 
Voltage 
Rise Time 
lOUT = 2.OA 
350 
350 


lOUT = 5.0A 
500 
500 
ns 


tf 
Voltage 
Fall Time 
lOUT = 2.OA 
300 
300 


lOUT = 5.0A 
400 
400 


ts 
Storage 
Time 
lOUT = 5.0A 
1.5 
1.5 
/Ls 


td 
Delay Time 
100 
100 
ns 


Po 
Power Dissipation 
VOUT = 10V 
16 
16 
W 


.,., 
Efficiency 
lOUT = 5.0A 
75 
75 
% 


9Je 
Thermal 
Resistance 
(Note 1) 
5.0 
5.0 
'C/W 


Note 1: 8JA is typically 30°C/W 
for natural convection cooling. 


Note 2: VOUT refers to the output voltage range of switching supply after the output LC filter as shown in the Typical Application circuit. 


r-:I: 
67 }'H 
...•. 
Q)0 
OUT 
+ 
U'I 
5 
LH1605 
.•..• 
+ 
IN 
RS 2k 
r-:I: 
+ 
+ 
...•. 
Q)0 
U'I0 


2 X 103 (VOUT - 
2.5) 
RS= ----2-.5--- 
VIN = 10 - 
1BV 
VOUT = 5V 
lOUT = 3A (Max) 
lOUT = 1A (Min) 


1) 
"" 
70% 


Load Reg. 
= 50 mV 
Line Reg. = 10 mV 
Ripple = 20 mV 


Power 
Derating 
Curve 
25 


~ 
20 
z 
~ 
15 


"-in 
enis 
10 
~~ 


0 
0 
25 
50 
75 
100 
125 
150 


AMBIENT 
TEMPERATURE 
(OC) 


TL/K/10114-4 


Frequency 
vs Timing 
Capacitance 
lOOk 


'\ 


Design 
Equations 
POUT X 100 
Efficiency 
(1) = ----- 
PIN 


Transistor 
DC Losses 
(PT) = lOUT X Vs ( 
toN 
) 
toN 
+ toFF 


Diode DC Losses (Po) = lOUT X VF ( 
toFF 
) 
toN + toFF 


Drive Circuit Losses 
(DLl = VIN 
2 


X 
toN 
300 
toN + tOFF 


SWitching 
Losses Transistor 
(Ps) = VIN X lOUT X __ 
t_r_+_tl__ 
2(toN 
+ tOFF 


tON 
__ VOUT 
Transistor 
Duty Cycle 
= 


toN + toFF 
VIN 
• 
Diode Duty Cycle = 
toFF 
= 1 _ VOUT 
toN 
+ toFF 
VIN 


Power 
Inductor 
(PLl = IOUT2 X RL (Winding 
Resistance) 


Efficiency 
(1) 
= 
VOUTIOUT 
X 100% 


VOUT'OUT + PT + 
Po + DL + Ps + 
PL 


LM2524D/LM3524D 
Regulating Pulse Width Modulator 


General Description 


The LM3524D 
family 
is an improved 
version 
of the industry 


standard 
LM3524. 
It has improved 
specifications 
and addi- 


tional 
features 
yet 
is pin for 
pin compatible 
with 
existing 


3524 
families. 
New features 
reduce 
the need for additional 


external 
circuitry 
often 
required 
in the original 
version. 


The LM3524D 
has a ± 1% precision 
5V reference. 
The cur- 


rent 
carrying 
capability 
of the 
output 
drive 
transistors 
has 


been raised to 200 mA while reducing 
VCEsat and increasing 


VCE breakdown 
to 60V. The common 
mode voltage 
range 


of the error-amp 
has been 
raised 
to 5.5V to eliminate 
the 


need for a resistive 
divider 
from the 5V reference. 


In the LM3524D 
the circuit 
bias line has been isolated 
from 


the shut-down 
pin. This prevents 
the oscillator 
pulse ampli- 


tude and frequency 
from being disturbed 
by shut-down. 
Also 


at high 
frequencies 
("" 300 
kHz) the 
max. 
duty 
cycle 
per 


output 
has been improved 
to 44% 
compared 
to 35% 
max. 
duty cycle 
in other 
3524s. 


In addition, 
the 
LM3524D 
can now be synchronized 
exter- 


nally, through 
pin 3. Also a latch 
has been added 
to insure 


one 
pulse 
per 
period 
even 
in 
noisy 
environments. 
The 


LM3524D 
includes 
double 
pulse 
suppression 
logic that 
in- 


sures when 
a shut-down 
condition 
is removed 
the state 
of 


the T-flip-flop 
will change 
only after the first clock 
pulse has 


arrived. 
This feature 
prevents 
the same 
output 
from 
being 


pulsed 
twice 
in a row, thus reducing 
the possibility 
of core 


saturation 
in push-pull 
designs. 


Features 


• 
Fully interchangeable 
with standard 
LM3524 
family 


• 
± 1% precision 
5V reference 
with thermal 
shut-down 


• 
Output 
current 
to 200 mA DC 


• 
60V output 
capability 


• 
Wide 
common 
mode 
input range 
for error-amp 


• 
One pulse 
per period 
(noise 
suppression) 


• 
Improved 
max. duty cycle 
at high frequencies 


• 
Double 
pulse 
suppression 


• 
Synchronize 
through 
pin 3 


7 
Cor 
6 


RT 


JUlJL 


3 
OSCILLATOR 
OOTP\IT 


~GND 


Absolute Maximum Ratings (Note 5) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Operating 
Junction 
Temperature 
Range 
(Note 2) 


please 
contact 
the 
National 
Semiconductor 
Sales 
LM2524D 
-40'C 
to + 125'C 
Office/Distributors 
for 
availability 
and specifications. 
LM3524D 
O'C to + 125'C 


Supply Voltage 
40V 
Maximum 
Junction 
Temperature 
150" 


Collector 
Supply 
Voltage 
Storage 
Temperature 
Range 
-65'Cto 
+ 150'C 
(LM2524D) 
55V 
Lead Temperature 
(Soldering 
4 sec.) M, N Pkg. 
260"C 
(LM3524D) 
40V 


Output Current 
DC (each) 
200 mA 


Oscillator 
Charging 
Current 
(Pin 7) 
5mA 


Internal 
Power Dissipation 
1W 


Electrical Characteristics 
(Note 1) 


LM2524D 
LM3524D 


Symbol 
Parameter 
Conditions 
Tested 
Design 
Tested 
Design 
Units 


Typ 
Limit 
Limit 
Typ 
Limit 
Limit 


(Note 
3) 
(Note 
4) 
(Note 
3) 
(Note 
4) 


REFERENCE 
SECTION 


VREF 
Output Voltage 
5 
4.85 
4.80 
5 
4.75 
VMin 


, 
5.15 
5.20 
5.25 
VMax 


VRLine 
Line Regulation 
VIN = 8V to 40V 
10 
15 
30 
10 
25 
50 
mVMax 


VRLoad 
Load Regulation 
IL = 0 mA to 20 mA 
10 
15 
25 
10 
25 
50 
mVMax 


AVIN 
Ripple Rejection 
1= 
120 Hz 
66 
66 
dB 
AVREF 


los 
Short Circuit 
VREF = 0 
25 
25 
mAMin 


Current 
50 
50 


180 
200 
mAMax 


No 
Output 
Noise 
10Hz';; 
I ,;; 10kHz 
40 
100 
40 
100 
""V,msMax 


Long Term 
TA = 
125'C 
20 
20 
mV/kHr 
Stability 


OSCILLATOR 
SECTION 


lose 
Max. Freq. 
RT = 
1k, CT = 0.001 ,...F 
550 
500 
350 
kHzMin 
(Note 7) 


lose 
Initial 
RT = 5.6k, CT = 0.01 ,...F 
17.5 
17.5 
kHzMin 
Accuracy 
(Note 7) 
20 
20 


22.5 
22.5 
kHzMax 


RT = 2.7k, CT = 0.01 ,...F 
34 
30 
kHzMin 


(Note 7) 
38 
38 


42 
46 
kHzMax 


Mose 
Freq. Change 
VIN = 8t040V 
0.5 
1 
0.5 
1.0 
%Max 
withVIN 


Mose 
Freq. Change 
TA = 
-55'C 
to + 125'C 


with Temp. 
at 20 kHz RT = 5.6k, 
5 
5 
% 


CT = 0.01,...F 


Vase 
Output Amplitude 
RT = 5.6k, CT = 0.01 ,...F 
3 
2.4 
3 
2.4 
VMin 
(Pin 3) (Note 8) 


tpw 
Output 
Pulse 
RT = 5.6k, CT = 0.01 ,...F 
0.5 
1.5 
0.5 
1.5 


Width 
(Pin 3) 
,...sMax • 


Electrical Characteristics 
(Continued) 


LM2524D 
LM3524D 


. Tested 
Design 
Tested 
Design 
Units 
Symbol 
Parameter 
Conditions 
Typ 
Limit 
Limit 
Typ 
Limit 
Limit 


(Note 
3) 
(Note 
4) 
(Note 
3) 
(Note 
4) 


OSCILLATOR 
SECTION 
(Continued) 


Sawtooth 
Peak 
RT = 5.6k, CT = 0.01 ",F 
3.4 
3.6 
3.8 
3.8 
VMax 
Voltage 


Sawtooth 
Valley 
RT = 5.6k, CT = 0.01 ",F 
1.1 
0.8 
0.8 
0.6 
VMin 
Voltage 


ERROR-AMP 
SECTION 


Via 
Input Offset 
VCM = 2.5V 
2 
8 
10 
2 
10 
mVMax 
Voltage 
\ 


lIB 
Input Bias 
VCM = 2.5V 
, 


1 
8 
10 
1 
10 
",AMax 
Current 


110 
Input Offset 
VCM = 2.5V 
0.5 
1.0 
1 
0.5 
1 
",AMax 
Current 


ICOSI 
Compensation 
VIN(I) - 
VIN(NI) = 150 mV 
65 
65 
",AMin 
Current 
(Sink) 
95 
95 


125 
125 
",AMax 


IcOSO 
Compensation 
VIN(NI) - 
VIN(I) = 150 mV 
-125 
-125 
",AMin 


Current 
(Source) 
-95 
-95 


-65 
-65 
",AMax 


AVOL 
Open Loop Gain 
RL = 
00, VCM = 2.5 V 
80 
74 
80 
80 
70 
60 
dBMin 


VCMR 
Common 
Mode 
1.5 
1.4 
1.5 
VMin 
Input Voltage 
Range 
, 
5.5 
5.4 
5.5 
VMax 


CMRR 
Common 
Mode 
90 
80 
90 
80 
dBMin 
Rejection 
Ratio 


Gsw 
Unity Gain 
AVOL = 0 dB, VCM = 2.5V 
3 
2 
MHz 
Bandwidth 


Va 
Output 
Voltage 
RL = 
00 
0.5 
0.5 
VMin 
Swing 
5.5 
5.5 
VMax 


PSRR 
Power Supply 
VIN = 8to40V 
80 
70 
80 
65 
dbMin 
Rejection 
Ratio 


COMPARATOR 
SECTION 


tON 
Minimum 
Duty 
Pin 9 = 0.8V, 
0 
0 
0 
0 
0/0 Max 
losc 
Cycle 
[RT = 5.6k, CT = 0.01 ",Fl 


tON 
Maximum 
Duty 
Pin 9 = 3.9V, 
49 
45 
49 
45 
%Min 
tosc 
Cycle 
[RT = 5.6k, CT = 0.01 ",Fl 


tON 
Maximum 
Duty 
Pin 9 = 3.9V, 
44 
35 
44 
35 
%Min 
tosc 
Cycle 
[RT = 1k, CT = 0.001 ",Fl 
" 


VCOMPZ 
Input Threshold 
Zero Duty Cycle 
1 
. 


1 
V 
(Pin 9) 


VCOMPM 
Input Threshold 
Maximum 
Duty Cycle 
3.5 
3.5 
V 
(Pin 9) 


liS 
Input Bias 
, 


Current· 
-1 
-1 
",A 


Electrical Characteristics 
(Continued) 


LM2524D 
LM3524D 


Tested 
Design 
Tested 
Design 
Units 
Symbol 
Parameter 
Conditions 
Typ 
limit 
Limit 
Typ 
Limit 
Limit 


(Note 
3) 
(Note 
4) 
(Note 
3) 
(Note 
4) 


CURRENT 
LIMIT 
SECTION 


VSEN 
Sense Voltage 
V(Pin2) - 
V(Pin1) ~ 
180 
180 
mVMin 


150mV 
200 
200 


220 
220 
mVMax 


TC-Vsense 
Sense Voltage 
T.C. 
0.2 
0.2 
mvrc 


Common 
Mode 
-0.7 
-0.7 
VMin 
Voltage 
Range 
Vs - 
V4 = 300mV 
1 
1 
VMax 


SHUT 
DOWN 
SECTION 


VSD 
High Input 
V(Pin 2) - 
V(Pin 1) ~ 
0.5 
1 
0.5 
VMin 
1 
Voltage 
I~ 
150mV 
1.5 
1.5 
VMax 


ISD 
High Input 
I(pin 10) 
1 
1 
mA 
Current 
~ 


OUTPUT 
SECTION 
(EACH 
OUTPUT) 


VCES 
Collector 
Emitter 
Ic';; 
lOOI-'A 


1- 


55 
40 
VMin 
Voltage 
Breakdown 


ICES 
Collector 
Leakage 
VCE = 60V 


Current 
VCE = 55V 
0.1 
50 
I-'AMax 


VCE = 40V 
0.1 
50 


VCESAT 
Saturation 
IE = 20mA 
0.2 
0.5 
0.2 
0.7 
VMax 
Voltage 
IE = 200mA 
1.5 
2.2 
1.5 
2.5 


VEQ 
Emitter 
Output 
IE = 50 mA 
18 
17 
18 
17 
VMin 
Voltage 


tR 
Rise Time 
VIN = 20V, 


IE = -250I-'A 
200 
200 
ns 


Rc = 2k 


tF 
Fall Time 
Rc = 2k 
100 
100 
ns 


SUPPLY 
CHARACTERISTICS 
SECTION 


VIN 
Input Voltage 
After Turn-on 
8 
8 
VMin 


Range 
40 
40 
VMax 


T 
Thermal 
Shutdown 
(Note 2) 
160 
160 
·C 
Temp. 


IIN 
Stand By Current 
VIN = 40V (Note 6) 
5 
10 
5 
10 
mA 


Note 
1: Unless otherwise 
stated, these specifications 
apply for TA = TJ = 25°C. Boldface 
numbers apply over the rated temperature 
range: LM2524D 
is - 400 to 
8S·C and LM3S24D is O·C to 70"C. V,N ~ 20V andlose ~ 20 kHz. 


Not8 2: For operation 
at elevated 
temperatures, 
devices in the N package 
must be derated 
based on a thermal resistance 
of 8frC/W. 
junction to ambient. 
Devices 
in the M package 
must be derated 
at 125°C/W, 
junction to ambient. 


Note 
3: Tested 
limits are guaranteed 
and 100% 
tested 
in production. 


Note 
4: Design limits are guaranteed 
(but not 100% 
production 
tested) 
over the indicated 
temperature 
and supply voltage 
range. These 
limits are not used to 
calculate 
outgoing quality level. 


Note 
5: Absolute 
maximum ratings indicate limits beyond which damage 
to the device may occur. DC and AC electrical specifications 
do not apply when operating 
the device 
beyond its rated operating 
conditions. 


Note 
6: Pins 1, 4, 7, 8,11, and 14 are grounded; 
Pin 2 = 2V. All other inputs and outputs open. 


Note 7: The value of a Ct capacitor can vary with frequency. 
Careful selection of this capacitor must be made for high frequency 
operation. 
Polystyrene 
was used in 


this test. NPOceramicor polypropylenecan also be used. 


Note 
8: asc amplitude 
is measured 
open circuit. Available 
current is limited to 1 mA so care must be exercised 
to limit capacitive 
loading of fast pulses. • 
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Duty Cycle Threshold 
Peak Output 
Current 
Maximum 
Average 
Power 


vs Temperature 
Dissipation 
(N, M Packages) 
Voltage 


300 
1.2 
3.45 


6JA = 
12SoC/W. 
N PACKAGE 
~ 
3.40 
~ 
~ 
1 
, 
z 
0: 
-5 
"" 
z 


"- 


3.35 
I'.... 
0 
0.8 
':< 
z 
~ 
t'-- 
3.30 
~ 
200 
['.. 


"- 


';l 
VIN = 20V 
~ 
Bj 
0.' 
~ 
RT = 5.' 
kG 
u 
"- 
" 
~ 
~ 


"- 


0 
1.05 
CT=0.001 
~ 
~ 


"- 


,. 
0.4 
0 
g 
- 


:;: 
OJ" = 
86°C/W. 
N PACKAGE " 


or 
1.00 
, 
, 
~ 
100 
~ 
.P 
~o 
0.2 
z 
0.95 


0 
0.9 
-so 
-25 
0 
25 
so 
75 
100 
125 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 100 
-50 
-25 
0 
25 
so 
75 
100 
125 


TA - AWBIENT 
TEMPERATURE 
(Oe) 
TA - 
AIllBIENT 
TEMPERATURE 
(Oe) 
TA - AMBIENT 
TEWPERATURE 
(Oe) 


Output 
Transistor 
Output 
Transistor 
Emitter 
Reference 
Transistor 


Saturation 
Voltage 
Voltage 
Peak Output 
Current 


2.5 
19.0 
125 


> 


VjM = 20V 
./ 


2.0 
E 
-,~J~ 


,/ 
~ 
100 
; 
I~UT = ~oo~A 


-5 
-- 
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18.6 - 


!< 
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z 
1.5 
~ 
75~ 
z 
- 
./ 
./ 
~ 
r---.. 
0 


~ 


~ 
u 
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:3 
~ 
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~ 
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0 
- 
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_lOUT 
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>w 
, 
25 
:< 
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.P 
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0 
0 
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0 
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-so 
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0 
25 
50 
75 
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125 
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0 
25 
so 
75 
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TA - .WSIENT 
TEMPERATURE 
(Oe) 
T,,- 
.••WBIENT 
TEWP£RATURE 
(Oe) 
T.•.- 
ANBIENT 
nlolPERATURE 
(Oe) 


Standby 
Current 
Standby 
Current 


vsVoltage 
vs Temperature 
Current 
Limit Sense 
Voltage 


I 


7.0 
220 
rA= 25°C 
~ 
lOUT REF = 0 mA 
'> 
210 
-5 
5.0 
z 
'.0 
-5 
..-- 
z 
~ 
~ 
~. 
/ 
~ 
u 
...••.. 
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/ 
~ 
> 
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....1.---" 
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> 
z 
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~ 
190 
0 
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z 
VIN = 40V 
...••.. 
z 
V 
~ 
, 
lOUT REr = 0 mA 
..•.. 
~ 
~ 
4.0 
4.0 
, 


PIH2=2V 
>'-' 
180 
PINS 1..•. 7.8.11.' 
.• =0 - - 


3.0 
PINS 3,5,6,9.10, 
12.13=OPEN 
170 
8 
12 
16 
20 
24 
28 
32 " 


-50 
-25 
0 
25 
50 
75 
100 
125 
-so 
-25 
0 
25 
50 
75 
100 
125 


VU<t - 
INPUT 
VOLTAGE 
(v) 
fA - AMBIENT 
TEWPERATURE 
(Oe) 
TA - AMBIENT 
TEh4PERATURE 
(Oc) 


TLiH/8650-3 


2' 
2' 
'" 


lW 
lW 
•... 
" 
3!: 


CB 


} 
OUTPUTS 


Co) 
(,11 


12 
N 


CA 


oIloo 


OSC OUT 
lM25240 
IlM35240 
C 


EB ,. 


16 
VREF 


NI 
INV 
SHUT 
'Cl 
-Cl 
EA 
11 


INPUT 
INPUT 
COMP 
DOWN 
SENSE 
SENSE 
"T 
CT 
GND 


2 
1 
9 
10 
• 
5 
6 
1 
8 


Functional Description 


INTERNAL 
VOLTAGE 
REGULATOR 


The LM3524D 
has an on-chip 
5V, 50 mA, short circuit 
pro- 
tected 
voltage 
regulator. 
This voltage 
regulator 
provides 
a 
supply for all internal 
circuitry 
of the device 
and can be used 
as an external 
reference. 


For input voltages 
of less than 8V the 5V output 
should 
be 
shorted 
to pin 15, VIN, which disables 
the 5V regulator. 
With 
these 
pins 
shorted 
the 
input 
voltage 
must 
be limited 
to a 
maximum 
of 6V. If input voltages 
of 6V-8V 
are to be used, a 
pre-regulator, 
as shown 
in Figure 
1, must be added. 


OSCILLATOR 


The LM3524D 
provides 
a stable 
on-board 
oscillator. 
Its fre- 
quency 
is set by an external 
resistor, 
RT and capacitor, 
CT. 
A graph of RT, CT vs oscillator 
frequency 
is shown 
is Figure 
2. The oscillator's 
output 
provides 
the signals 
for triggering 
an internal 
flip-flop, 
which 
directs 
the 
PWM 
information 
to 
the 
outputs, 
and a blanking 
pulse 
to turn off both 
outputs 
during 
transitions 
to ensure 
that cross 
conduction 
does 
not 
occur. The width of the blanking 
pulse, or dead time, is con- 
trolled 
by the value of CT, as shown 
in Figure 3. The recom- 
mended 
values 
of RT are 
1.8 kfi 
to 100 kfi, 
and for CT, 
0.001 
1J.Fto 0.1 1J.F. 


If two or more 
LM3524D's 
must be synchronized 
together, 
the easiest 
method 
is to interconnect 
all pin 3 terminals, 
tie 
all pin 7's 
(together) 
to a single 
CT, and 
leave 
all pin 6's 
open 
except 
one which 
is connected 
to a single 
RT. This 
method 
works well unless the LM3524D's 
are more than 6" 
apart. 


A second 
synchronization 
method 
is appropriate 
for any cir- 
cuit 
layout. 
One 
LM3524D, 
designated 
as 
master, 
must 
have 
its RTCT set for the correct 
period. 
The 
other 
slave 
LM3524D(s) 
should 
each have an RTCT set for a 10% long- 
er period. 
All pin 3's must then 
be interconnected 
to allow 
the master 
to properly 
reset the slave units. 


The 
oscillator 
may 
be synchronized 
to 
an external 
clock 
source 
by setting 
the 
internal 
free-running 
oscillator 
fre- 
quency 
10% slower than the external 
clock and driving pin 3 
with a pulse 
train 
(approx. 
3V) from 
the clock. 
Pulse width 
should 
be greater 
than 50 ns to insure full synchronization. 
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ERROR 
AMPLIFIER 


The error amplifier 
is a differential 
input, transconductance 


amplifier. 
Its gain, nominally 
86 dB, is set by either feedback 


or output 
loading. 
This output 
loading 
can be done 
with ei- 


ther purely 
resistive 
or a combination 
of resistive 
and reac- 


tive components. 
A graph 
of the amplifier's 
gain vs output 


load resistance 
is shown 
in Figure 
4. 
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The output of the amplifier, 
or input to the pulse width modu- 
lator, 
can 
be overridden 
easily 
as its output 
impedance 
is 


very high (Zo 
'" 
5 MO). 
For this reason 
a DC voltage 
can 


be applied 
to pin 9 which will override 
the error amplifier 
and 


force 
a particular 
duty cycle 
to the outputs. 
An example 
of 


this could 
be a non-regulating 
motor 
speed control 
where 
a 


variable 
voltage 
was applied 
to pin 9 to control 
motor speed. 
A graph 
of the output 
duty cycle 
vs the voltage 
on pin 9 is 


shown 
in Figure 
5. 


The duty cycle is calculated 
as the percentage 
ratio of each 
output's 
ON-time 
to the oscillator 
period. 
Paralleling 
the out- 


puts doubles 
the observed 
duty cycle. 
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FIGURE 
5 


The amplifier's 
inputs 
have a common-mode 
input range of 


1.5V-5.5V. 
The on board 
regulator 
is useful 
for biasing 
the 


inputs to within 
this range. 


CURRENT 
LIMITING 


The function 
of the current 
limit amplifier 
is to override 
the 
error amplifier's 
output 
and take control 
of the pulse width. 


The output 
duty cycle 
drops 
to about 
25% 
when 
a current 


limit sense 
voltage 
of 200 mV is applied 
between 
the 
+ CL 
and -CL 
sense terminals. 
Increasing 
the sense 
voltage 
ap- 
proximately 
5% 
results 
in a 0% 
output 
duty 
cycle. 
Care 
should 
be taken 
to ensure 
the 
-0.7V 
to + 1.0V input com- 
mon-mode 
range 
is not exceeded. 


In most applications, 
the current 
limit sense 
voltage 
is pro- 


duced 
by a current 
through 
a sense 
resistor. 
The accuracy 


of this measurement 
is limited by the accuracy 
of the sense 


resistor, 
and 
by a small 
offset 
current, 
typically 
100 
",A, 


flowing 
from 
+CL 
to -CL. 


OUTPUT 
STAGES 


The outputs 
of the LM3524D 
are NPN transistors, 
capable 


of a maximum 
current 
of 200 mA. These transistors 
are driv- 


en 180° out of phase and have non-committed 
open collec- 


tors and emitters 
as shown 
in Figure 
6. 


PIN 1 
• 
5k 
INV 


NI 


5k 
5k 
OSC 


+CL 


-CL 


RT 


CT 


GNO 


RT 


Cr 


Design 
Equations 


RF ~ 5k (~- 
1) 
2.5 


1 
lose =- RrCT 


L1 
~ 
2.5V'N2 
(VO - 
V,N) 


fasclo 
Vo2 


Vo 
Co _ 
10(Vo - 
V,N) 


lose AVo Vo 


V,N 


loIMAX) 
= I'N 
V 
o 


TLIH/8650-11 


FIGURE 
7. Positive 
Regulator, 
Step-Up 
Basic Configuration 
(IIN(MAX) = 80 mAl 


PIN 1 
• 
5k 
INV 
vR 


NI 
VIN 


5k 
5k 
OSC 
Es 


+CL 
It,/35240 


Cs 
-cL 
CA 


RT 
EA 
Cr 
SO 


GNO 
COt./P 
RT 
Cr 


• 


VR 


V,N 


ES 


Lt.C35240 
Cs 


CA 


EA 
50 


COt.CP 


RF ~ 5 kn (~ 
- 
, ) 
2.5 


CurrentUmit 
Sense Volt 


RCL 
~ 
10(MAX) 
, 


lose a 
RTCT 


L1 = 2.5Vo 
(V,N - 
Vol 


'0 V'NfOSC 


Co 
~ 
(V,N 
- 
Vol VoT2 


Vo 
8 <!oVoV,NL1 


V,N 


'o(MAX) 
~ 
'IN 
Vo 


• 
INV 
VR 


NI 
V,N 


OSC 
Es 


+CL 
Lt.C35240 
Cs 
-CL 
CA 


Rr 
EA 


Cr 
SO 


GNO 
COt.CP 


Rr 


PIN 1 
• 
INV 


NI 


OSC 


+CL 
LM35240 
-CL 


RT 


Cr 


GNo 


Design 
Equations 
RF=5k(1-~)2.5 


1 
lose 
a&: RrCT 


11 = 
2.5V'N Vo 


lose 
(VO + V,N) 10 


Co = 
loVo 


Vo 
AVo 
lose 
(VO + V,N) 


BASIC 
SWITCHING 
REGULATOR 
THEORY 
AND APPLICATIONS 


The basic circuit of a step-down 
switching 
regulator 
circuit is 


shown 
in Figure 
12, along with a practical 
circuit 
design 
us- 


ing the LM35240 
in Figure 
15. 


VA 
L1 


VIN 
Vo 
- 
IL 
10 


vo[ 
01 
RL 


TL/H/8650-16 
FIGURE 
12. Basic 
Step-Down 
Switching 
Regulator 


The circuit 
works 
as follows: 
01 
is used as a switch, 
which 


has ON and OFF times controlled 
by the pulse width 
modu- 


lator. When 01 is ON, power is drawn from VIN and supplied 
to the 
load through 
L1; VA is at approximately 
VIN. 01 
is 
reverse 
biased. 
and Co is charging. 
When 01 turns OFF the 
inductor 
L1 will force 
VA negative 
to keep the current 
flow- 


ing in it. 01 
will start 
conducting 
and the 
load current 
will 


flow through 
01 and L1. The voltage 
at VA is smoothed 
by 
the L1. Co filter giving a clean 
OC output. 
The current 
flow- 
ing through 
L1 is equal to the nominal 
OC load current 
plus 
some 
aiL which 
is due to the changing 
voltage 
across 
it. A 


good 
rule of thumb is to set alL?-? 
'" 
40% 
X 
10- 


• 


Typical Applications 
(Continued) 


dj 
VlT 


From the relation 
Vl 
= 
L d;'.ill'" 
U 


.il 
+ = 
(VIN - 
Vol tON'.i1 
_ = Vo tOFF 


l 
U' 
l 
U 


Neglecting 
VSAT, VD, and settling 
.ill 
+ 
= 
.ill-; 


( 
tON 
Vo"",VIN 
---- 
tOFF + tON 


where 
T = 
Total 
Period 


The 
above 
shows 
the 
relation 
between 
VIN, Vo and 
duty 


cycle. 


( 
tON 
) 
IIN(DC) = 'OUT(DC) 
tON + tOFF 
' 


as 01 
only conducts 
during 
tON' 


( 
tON 
) 
PIN = IIN(DC) VIN = (Io(DC) 
tON + tOFF 
VIN 


Po = 
'oVo 


The efficiency, 
'I), of the circuit 
is: 


Po 
'oVo 
'l)MAX=-= 
PIN 
I 
(tON) V 
+ (VSAT tON + VD1tOFF) I 
o 
T 
IN 
T 
0 


~ 


o 
= 
--- 
forVSAT 
= VD1 = 
1V. 
Vo +.1 


'l)MAX will be further 
decreased 
due to' switching 
losses 
in 


01. f=or this reason 01 should 
be selected 
to have the maxi- 


mum possible 
fT, which 
implies 
very fast rise and fall times: 


CALCULATING 
INDUCTOR 
L1 


(.ill 
+) 
X U 
(.ill 
-) 
X L1 


tON'" 
(VIN - 
Vol ,tOFF 
= 
Vo 


(.ill 
+) 
X U 
(.ill 
-) 
X L1 


tON + tOFF = T = ----- 
+ 


(VIN - 
Va) 
Vo 


0.410L1 
+ O.4loL 1 


(VIN - 
Vol 
Vo 


Since .ill 
+ = .ill 
- 
= 0.410 


U = 2.5 Vo (VIN - 
Vol 


'0 VINf 


where: 
L1 is in Henrys 


f is switching 
frequency 
in Hz 


Also, 
see LM1578 
data 
sheet 
for graphical 
methods 
of in- 


ductor 
selection. 


CALCULATING 
OUTPUT 
FILTER 
CAPACITOR 
Co: 


Figure 
14 shows 
L1's current 
with respect 
to 01's 
tON and 


tOFF times. 
This curerit 
must flow to the load and Co. Co's 


current 
will then be the difference 
between 
'l, 
and 10, 


Ico = Il - 
10 


From Figure 
14 it can be seen that 
current 
will be flowing 
into Co for the second 
half of tON through 
the first 
half of 


tOFF, or a time, tON/2 + tOFF/2. 
The current 
flowing 
for this 


time is .ill/4. 
The resulting 
.i Vc or .i Vo is described 
by: 


.iV 
= ~ 
X .ill 
X 
(tON + toFF) 
oP-PC4 
22 


= 
.ill 
(tON + tOFF) 
4C 
2 


. 
VolT 
- 
tON) 
VoT 
Since .ill 
= 
and 
tON = -V 
L1 
IN 


(T 
VoT) 
V 
= Vo 
- V; (!) = 
(VIN - 
Vol VoT2 or 
.i 
OP-P 
4C L1 
2 
8VINCoL 1 


(VIN - 
Vol Vo T2 
Co=------ 
8.iVoVINL1 


1 
where: 
C is in farads, 
T is 
. 
h' 
f 
SWltC Ing 
requency 


.i Vo is pop output 
ripple 


For 
best 
regulation, 
the 
inductor's 
current 
cannot 
be 
al- 


lowed 
to fall to zero. 
Some 
minimum 
load current 
'0, and 


thus inductor 
current, 
is required 
as shown 
below: 


I 
_ 
(VIN - 
Vol tON 
o(MIN) - 
2L1 


(VIN - Vol toN 
A:'~ICO 
~ 


o~~_lo(t.lIN) 
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Typical Applications 
(Continued) 


A complete 
step-down 
switching 
regulator 
schematic, 
using 
the LM3524D, 
is illustrated 
in Figure 
15. Transistors 
01 and 
02 
have 
been 
added 
to boost 
the 
output 
to 
1A. The 
5V 


regulator 
of the 
LM3524D 
has been 
divided 
in half to bias 
the 
error 
amplifier's 
non-inverting 
input 
to within 
its com- 
mon-mode 
range. 
Since each output 
transistor 
is on for half 
the period, 
actually 
45%, 
they have been paralleled 
to allow 
longer 
possible 
duty cycle, 
up to 90%. 
This makes 
a lower 
possible 
input voltage. 
The output 
voltage 
is set by: 


Vo = VNI (1 + :~), 


where 
VNI is the voltage 
at the error amplifier's 
non-invert- 


ing input. 


Resistor 
R3 sets the current 
limit to: 


200 mV 
200 mV 
--=--= 
1.3A. 


R3 
0.15 


Figure 
16 and 
17 show 
a PC board 
layout 
and stuffing 
dia- 
gram for the 5V, 1A regulator 
of Figure 
15. The regulator's 
performance 
is listed in Table 
I. 


Rl 
5k 


Rl0 


R9 


R4 
R5 
15 


5k 
5k 
16 
V1N 
VREF 
CA 


2 
11 


R2 
NI 
EA 


5k 
13 
INV 
CB 
R6 
6.5k 
Lt.C3524D 
14 


Cl 
Rr 
EB 


0.01 JlF 
7 
4 
Cr 
+CL 


GND 


R7 
8 
30k 


·Mounted to Staver Heatsink No. V5-1. 


01 ~ B0344 


02 
- 
2N5023 


L1 = >40 
turns No. 22 wire on Ferroxcube No. K300502 Torroid core. 


VO=5V 
@IO=lA 
f=20kHz 


• 


Parameter 
Conditions 
Typical 
Characteristics 


Output Voltage 
VIN = 10V, 
10 = 1A 
5V 


Switching 
Frequency 
VIN = 10V, 
10 = 1A 
20 kHz 


Short Circuit 
VIN = 10V 
1.3A 
Current 
Limit 
, 


Load Regulation 
VIN = 10V 
3mV 
10 = 0.2 - 
1A 


Line Regulation 
JlVIN = 10 - 
20V, 
6mV 
fo = 1A 


Efficiency 
VIN = 10V, 
10 = 1A 
80% 


Output 
Ripple 
VIN = 10V, 
10 = 1A 
10 mVp-p 


Typical Applications 
(Continued) 


THE STEP-UP 
SWITCHING 
REGULATOR 


Figure 
18 shows 
the 
basic 
circuit 
for 
a step-up 
switching 


regulator. 
In this circuit 01 
is used as a switch to alternately 


apply VIN across 
inductor 
L1. During the time, ioN, 01 is ON 


and energy 
is drawn 
from 
VIN and stored 
in L1; D1 is re- 


verse biased and 
10 is supplied 
from the charge 
stored 
in Co. 
When 
01 
opens, 
IoFF, voltage 
V1 will rise positively 
to the 


point 
where 
D1 turns 
ON. The output 
current 
is now 
sup- 
plied through 
L1, D1 to the load and any charge 
lost from Co 
during 
ioN 
is replenished. 
Here 
also, 
as in the 
step-down 


regulator, 
the current 
through 
L1 has a DC component 
plus 


some IlIL. IlIL is again selected 
to be approximately 
40% of 


IL. Figure 
19 shows 
the inductor's 
current 
in relation 
to 01's 


ON and OFF times. 


TL/H/6650-23 


FIGURE 
18. Basic Step-Up 
Switching 
Regulator 
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t--=~N::+=~~=i _ 


I· 
·1 


Typical Applications 
(Continued) 


VLT 
VINtoN 


From lllL = L' lllL + ,., -L-1 
- 


(Vo - 
VIN)tOFF 
and lllL - 
,., 
L1 


Since 
lllL + = lllL -, 
VINtoN 
= VotoFF 
- 
VINtOFF, 


and neglecting 
VSAT and V01 


Vo ,., VIN (1 + toN) 
tOFF 


The above equation 
shows the relationship 
between 
VIN, Vo 


and duty cycle. 


In calculating 
input current 
IIN(DC), which 
equals 
the induc- 


tor's 
DC current, 
assume 
first 100% 
efficiency: 


PIN = IIN(OC)VIN 


POUT = 10Vo = 10VIN (1 + toN) 
toFF 


for '1 = 100%, 
POUT = PIN 


10VIN (1 + tON) 
= IIN(OC) VIN 
toFF 


IIN(DC) = 10 (1 + 
toN) 
toFF 


This 
equation 
shows 
that 
the 
input, 
or inductor, 
current 
is 


larger than the output 
current 
by the factor 
(1 + tON/tOFF)' 
Since this factor 
is the same as the relation 
between 
Vo and 


VIN, IIN(DC) can also be expressed 
as: 


IIN(DC) = 10 (~~) 


So far it is assumed 
'1 = 100%, 
where the actual efficiency 


or '1MAX will be somewhat 
less due to the saturation 
voltage 


of 01 and forward 
on voltage 
of D1 . The internal 
power loss 


due to these 
voltages 
is the average 
IL current 
flowing, 
or 


IIN' through 
either 
VSAT or V01. For VSAT = V01 = 1V this 


power 
loss becomes 
IIN(OC) (1V). '1MAX is then: 


Po 
Volo 
Volo 


llMAX = PIN = Volo + IIN (1V) 
V I + I 
(1 + toN) 
000 
toFF 


From Vo = VIN (1 + ~;F) 


This 
equation 
assumes 
only 
DC losses, 
however 
'1MAX is 


further 
decreased 
because 
of the switching 
time of 01 
and 


D1. 


In calculating 
the output 
capacitor 
Co it can be seen that Co 


supplies 
10during toN. The voltage 
change 
on Co during this 


time 
will be some IIVc = IIVo or the output 
ripple 
of the 
regulator. 
Calculation 
of Co is: 


_ 
10toN 
C 
_ 
10toN 


llVo 
- 
-C 
or 
0 - 
llV 


o 
0 


( 
T 
) 
VIN 
From Vo = VIN 
-- 
; toFF = II T 
toFF 
0 


1 
where T = toN + toFF = f 


tON = T - 
VIN T = T (Vo 
- 
VIN) 
therefore: 


Vo 
Vo 


( 
Vo 
- 
VIN) 
loT 
--V-- 


o 


Co = 
llVo 


where: 
Co is in farads, 
f is the switching 
frequency, 


IIVo is the pop output 
ripple 


Calculation 
of inductor 
L1 is as follows: 


L1 = VIN~N, 
since during tON, 
lllL 


VIN is applied 
across 
L1 


lllLp.p = 0.4 IL = 0.41 tiN = 0.4 10 ( Vo ), therefore: 


VIN 


VINtoN 
T (Vo - 
VIN) 


L1 = 
(Vo) 
and since tON = 
Vo 
0.410 
-V 
IN 


L1 = 2.5 VIN2 (Vo - 
VIN) 


f loV02 


Typical Applications 
(Continued) 


To apply 
the 
above 
theory, 
a complete 
step-up 
switching 


regulator 
is shown 
in Figure 20. Since VIN is 5V, VREF is tied 


to VIN. The 
input 
voltage 
is divided 
by 2 to bias the 
error 


amplifier's 
inverting 
input. The output 
voltage 
is: 


Your = (1 + :~) 
x VINV = 2.5 x 
(1 + :~) 


The network 
D1, C1 forms 
a slow start circuit. 


This holds the output 
of the error amplifier 
initially 
low thus 


reducing 
the duty-cycle 
to a minimum. 
Without 
the slow start 


circuit the inductor 
may saturate 
at turn-on 
because 
it has to 
supply 
high 
peak 
currents 
to charge 
the 
output 
capacitor 
from 
OV. It should 
also 
be noted 
that 
this 
circuit 
has 
no 
supply 
rejection. 
By adding 
a reference 
voltage 
at the non· 
inverting 
input to the error amplifier, 
see Figure 21, the input 
voltage 
variations 
are rejected. 


The 
LM3524D 
can also 
be used 
in inductorless 
switching 


regulators. 
Figure 22 shows 
a polarity 
inverter 
which 
if con· 


nected 
to Figure 20 provides 
a -15V 
unregulated 
output. 
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Top View 


Order 
Number 
LM2524DN 
or LM3524DN 


See NS Package 
Number 
N16E 


Order 
Number 
LM3524DM 
See NS Package 
Number 
M16A 


t!1National 
Semiconductor 


LM257 4/LM257 4HV Series 
SIMPLE SWITCHER™ O.5A Step-Down Voltage Regulator 


General Description 


The 
LM2574 
series 
of regulators 
are monolithic 
integrated 


circuits 
that provide 
all the active 
functions 
for a step-down 


(buck) 
sWitching 
regulator, 
capable 
of driving 
a 0.5A 
load 


with 
excellent 
line and 
load regulation. 
These 
devices 
are 


available 
in fixed output 
voltages 
of 3.3V, 5V, 12V, 15V, and 
an adjustable 
output 
version. 


Requiring 
a 
minimum 
number 
of 
external 
components, 


these 
regulators 
are simple 
to use and include 
internal 
fre- 
quency 
compensation 
and a fixed-frequency 
oscillator. 


The LM2574 
series 
offers 
a high-efficiency 
replacement 
for 
popular 
three-terminal 
linear regulators. 
Because 
of its high 
efficiency, 
the copper 
traces 
on the printed 
circuit board are 
normally 
the only heat sinking 
needed. 


A standard 
series 
of inductors 
optimized 
for use with 
the 
LM2574 
are available 
from 
several 
different 
manufacturers. 
This 
feature 
greatly 
simplifies 
the 
design 
of switch-mode 
power 
supplies. 


Other features 
include 
a guaranteed 
± 4 % tolerance 
on out- 
put voltage 
within 
specified 
input voltages 
and output 
load 
conditions, 
and ± 10% on the oscillator 
frequency. 
External 
shutdown 
is included, 
featuring 
50 p.A (typical) 
standby 
cur- 


rent. The output 
switch 
includes 
cycle-by-cycle 
current 
limit- 


ing, as well 
as thermal 
shutdown 
for full 
protection 
under 
fault conditions. 


Features 


• 
3.3V, 5V, 12V, 15V, and adjustable 
output 
versions 


• 
Adjustable 
version 
output 
voltage 
range, 


1.23V to 37V (57V for HV version) 
± 4 % max over 
line 


and load conditions 


• 
Guaranteed 
0.5A output 
current 


• 
Wide 
input voltage 
range, 
40V, up to 60V 
for HV version 


• 
Requires 
only 4 external 
components 


• 
52 kHz fixed frequency 
internal 
oscillator 


• 
TIL 
shutdown 
capability, 
low power 
standby 
mode 


• 
High efficiency 
• 
Uses readily 
available 
standard 
inductors 


• 
Thermal 
shutdown 
and current 
limit protection 


Applications 


• 
Simple 
high-efficiency 
step-down 
(buck) 
regulator 


• 
Efficient 
pre-regulator 
for linear regulators 


• 
On-card 
switching 
regulators 


• 
Positive 
to negative 
converter 
(Buck-Boost) 


60V 
t.lax 


Unregulated 


DC Input 


Regulated 


Output 
O.5A load 


fa 
• 
8 , 


SIGGHO 
2 
OUTPUT 


oHio" 
3 
6 , 


PWRGHO • 
V" 


Top View 


Order 
Number 
LM2574-3.3HVN, 
LM2574HVN-5.0, 
LM2574HVN-12, 
LM2574HVN-15, 
LM2574HVN-ADJ, 
LM2574N-3.3, 
LM2574N-5.0, 
LM2574N-12, 
LM2574N-15 
or LM2574N-ADJ 
See NS Package 
Number 
NOSA 


14-Lead 
Wide 
Surface 
Mount (WM) 


• No internal 


connection, 
but 
should be soldered 
to PC board for 
best heat transfer. 


, 1. 
1. 
, 


, 
2 
13, 


fa 
3 
12 
OUTPUT 


SIGGHO 
• 
11, 


oHio" 
5 
10 
V 


1N 


PWR GHO 
6 
9. 


, 
7 
8 • 


Top View 


Order 
Number 
LM2574HVM-3.3, 
LM2574HVM-5.0, 


LM2574HVM-12, 
LM2574HVM-15, 
LM2574HVM-ADJ, 


LM2574M-3.3 
LM2574M-5.0, 
LM2574M-12, 
LM2574M-15 
or LM2574M-ADJ 
See NS Package 
Number 
M14B • 


Absolute 
Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Minimum 
ESD Rating 


please 
contact 
the 
National 
Semiconductor 
Sales 
(C = 100 pF, R = 1.5 k!l) 
2kV 


Office/Distributors 
for 
availability 
and 
specifications. 
Lead Temperature 


Maximum 
Supply 
Voltage 
(Soldering, 
10 seconds) 
260·C 


LM2574 
45V 
Maximum 
Junction 
Temperature 
150·C 
LM2574HV 
63V 


ON/OFF 
Pin Input Voltage 
-0.3V"; 
V ,,; +VIN 
Operating 
Ratings 


Output 
Voltage 
to Ground 
Temperature 
Range 


(Steady 
State) 
-1V 
LM2574/LM2574HV 
-40·C 
,,; TJ ,;; + 125·C 


Power Dissipation 
Internally 
Limited' 
Supply 
Voltage 


Storage 
Temperature 
Range 
- 65·C to + 150·C 
LM2574 
40V 


LM2574HV 
60V 
LM2574-3.3, LM2574HV-3.3 


Electrical 
Characteristics 
Specifications 
with standard 
type face are for TJ = 25·C, and those with boldface 


type 
apply 
over full 
Operating 
Temperature 
Range. 


- 
LM2574-3.3 
LM2574HV-3.3 
Units 
Symbol 
Parameter 
Conditions 
(Limits) 


Typ 
Limit 
(Note 
2) 


SYSTEM 
PARAMETERS 
(Note 3) Test Circuit Figure 2 


VOUT 
Output Voltage 
VIN = 12V, 'LOAD = 100 mA 
3.3 
V 
3.234 
V(Min) 
3.366 
V(Max) 


VOUT 
Output Voltage 
4.75V';; 
VIN ,,; 40V, 0.1A ,;; ILOAD ,,; 0.5A 
3.3 
V 


LM2574 
3.168/3.135 
V(Min) 


3.432/3.465 
V(Max) 


VOUT 
Output Voltage 
4.75V';; 
VIN ,,; 60V, 0.1A ,,; ILOAD ,;; 0.5A 
3.3 


LM2574HV 
3.168/3.135 
V(Min) 


3.450/3.482 
V(Max) 


'7 
Efficiency 
VIN = 12V, ILOAD = 0.5A 
72 
% 


LM2574-5.0, LM2574HV-5.0 


Electrical 
Characteristics 
Specifications 
with standard 
type face are for TJ = 25·C, and those with boldface 


type 
apply 
over full 
Operating 
Temperature 
Range. 


LM2574-5.0 


Symbol 
Parameter 
Conditions 
LM2574HV-5.0 
Units 


Typ 
Limit 
(Limits) 


(Note 
2) 


SYSTEM 
PARAMETERS 
(Note 3) Test Circuit Figure 2 


VOUT 
Output Voltage 
VIN = 12V, ILOAD = 100 mA 
5 
V 
4.900 
V(Min) 


5.100 
V(Max) 


VOUT 
Output Voltage 
7V,;; 
VIN ,;; 40V, 0.1A ,,; ILOAD ,;; 0.5A 
5 
V 


LM2574 
4.800/4.750 
V(Min) 


5.200/5.250 
V(Max) 


VOUT 
Output Voltage 
7V ,,; VIN ,;; 60V, 0.1A ,;; ILOAD ,;; 0.5A 
5 
LM2574HV 
4.800/4.750 
V(Min) 


5.225/5.275 
V(Max) 


'7 
Efficiency 
VIN = 12V, ILOAD = 0.5A 
77 
% 


LM2574-12, 
LM2574HV-12 


Electrical Characteristics 
Specifications 
with standard 
type face are for TJ = 25°C, and those with boldface 


type 
apply over full 
Operating 
Temperature 
Range. 


LM2574·12 
LM2574HV·12 
Units 
Symbol 
Parameter 
Conditions 
(Limits) 
Typ 
Limit 
(Note 
2) 


SYSTEM 
PARAMETERS 
(Note 3) Test Circuit Figure 2 


Your 
Output Voltage 
VIN = 25V,ILOAD = 100 mA 
10 
V 
11.76 
V(Min) 


12.24 
V(Max) 


Your 
Output 
Voltage 
15V ,;; VIN ,;; 40V, 0.1A ,;; ILOAD ,;; 0.5A 
12 
V 


LM2574 
11.52/11.40 
V(Min) 


12.48/12.60 
V(Max) 


Your 
Output 
Voltage 
·15V ,;; VIN ,;; 60V, 0.1A ,;; ILOAD ,;; 0.5A 
12 
LM2574HV 
11.52/11.40 
V(Min) 


12.54/12.66 
V(Max) 


"I) 
Efficiency 
VIN = 15V,ILOAD = 0.5A 
88 
% 


LM2574-15, 
LM2574HV-15 


Electrical Characteristics 
Specifications 
with standard 
type face are for TJ = 25'C, 
and those with boldface 


type 
apply over full 
Operating 
Temperature 
Range. 


LM2574·15 


Symbol 
Parameter 
Conditions 
LM2574HV·15 
Units 


Typ 
Limit 
(Limits) 


(Note 
2) 


SYSTEM 
PARAMETERS 
(Note 3) Test Circuit Figure 2 


Your 
Output Voltage 
VIN = 30V, ILOAD = 100 mA 
15 
V 
14.70 
V(Min) 


15.30 
V(Max) 


Your 
Output 
Voltage 
18V,;; 
VIN';; 
40V,O.1A';; 
ILOAD';; 
0.5A 
15 
V 


LM2574 
14.40/14.25 
V(Min) 


15.60/15.75 
V(Max) 


Your 
Output Voltage 
18V ,;; VIN ,;; 60V, 0.1A ,;; ILOAD ,;; 0.5A 
15 
LM2574HV 
14.40/14.25 
V(Min) 


15.68/15.83 
V(Max) 


"I) 
Efficiency 
VIN = 18V, ILOAD = 0.5A 
88 
% 


- • 


type 
apply 
over full Operating 
Temperature 
Range. 
Unless 
otherwise 
speCified, 
VIN = 12V, IlOAD = 100 mA. 


LM2574·ADJ 
LM2574HV·ADJ 
Units 
Symbol 
Parameter 
Conditions 
(Limits) 


Typ 
Limit 


(Note 
2) 


SYSTEM 
PARAMETERS 
(Note 3) Test Circuit Figure 2 
, 


VFB 
Feedback 
Voltage 
VtN = 12V,ILOAD = 100 mA 
1.230 
V 


1.217 
V(Min) 


1.243 
V(Max) 


VFB 
Feedback 
Voltage 
7V s VIN S 40V, 0.1A s ILOAD S 0.5A 
1.230 
V 


LM2574 
VOUT Programmed 
for 5V. Circuit of Figure 2 
1.193/1.180 
V(Min) 


1.267/1.280 
V(Max) 


VFB 
Feedback 
Voltage 
7V s VIN S 60V, 0.1A s ILOAD S 0.5A 
1.230 
LM2574HV 
VOUT Programmed 
for 5V. Circuit of Figure 2 
1.193/1.180 
V(Min) 


1.273/1.286 
V(Max) 


'lJ 
Efficiency 
VIN = 12V, VOUT = 5V, 'LOAD = 0.5A 
77 
% 


All Output Voltage Versions 


Electrical Characteristics 
Specifications 
with standard 
type face are for TJ = 25'C, 
and those with boldface 


type 
apply 
over full Operating 
Temperature 
Range. 
Unless 
otherwise 
specified, 
VIN = 
12V for the 
3.3V, 
5V, and 


Adjustable 
version, 
VtN = 25V for the 12V version, 
and VIN = 30V for the 15V version. 
ILOAD = 100 mA. 


LM2574-XX 


Symbol 
Parameter 
LM2574HV-XX 
Units 
Conditions 
(Limits) 


Typ 
Limit 
(Note 2) 


DEVICE 
PARAMETERS 


Ib 
Feedback 
Bias Current 
Adjustable 
Version 
Only, VOUT = 5V 
50 
100/500 
nA 


fo 
Oscillator 
Frequency 
(see Note 10) 
52 
kHz 


47/42 
kHz(Min) 
58/63 
kHz(Max) 


VSAT 
Saturation 
Voltage 
lOUT = 0.5A (Note 4) 
0.9 
V 


1.2/1.4 
V(max) 


DC 
Max Duty Cycle (ON) 
(Note 5) 
98 
% 


93 
%(Min) 


lel 
Current 
Limit 
Peak Current, 
(Notes 4, 10) 
1.0 
A 


0.7/0.65 
A(Min) 


1.6/1.8 
A(Max) 


Il 
Output 
Leakage 
Current 
(Notes 6, 7) 
Output = OV 
2 
mA(Max) 


Output = -1V 
7.5 
mA 


Output = -1V 
30 
mA(Max) 


10 
Quiescent 
Current 
(Note 6) 
5 
mA 


10 
mA(Max) 


ISTBY 
Standby 
Quiescent 
ON/OFF 
Pin = 5V (OFF) 
50 
I"A 


Current 
200 
I"A(Max) 


(JJA 
Thermal 
Resistance 
N Package, 
Junction 
to Ambient 
(Note 8) 
92 


(JJA 
N Package, 
Junction 
to Ambient 
(Note 9) 
72 
'C/W 
(JJA 
M Package, 
Junction 
to Ambient 
(Note 8) 
102 


(JJA 
M Package, 
Junction 
to Ambient 
(Note 9) 
78 


ON/OFF 
CONTROL 
Test Circuit Figure 2 


VIH 
ON/OFF 
Pin Logic 
VOUT = OV 
1.4 
2.2/2.4 
V(Min) 


Vtl 
Input Level 
VOUT = Nominal 
Output Voltage 
1.2 
1.0/0.8 
V(Max) 


IH 
ON/OFF 
Pin Input 
ON/OFF 
Pin = 5V (OFF) 
12 
I"A 


Current 
30 
I"A(Max) 


III 
ON/OFF 
Pin = OV (ON) 
0 
I"A 


10 
I"A(Max) 


production 
tested ....All limits at temperature 
extremes 
are guaranteed via correlation 
using standard Statistical Quality Control (sac) methods. All limits are used 
to calculate 
Average Outgoing Quality Level. 


Note 3: External components 
such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance. 
When the LM2574 


is used as shown in the Figure 2 test circuit, system performance 
will be as shown in system parameters 
section of Electrical Characteristics. 


Note 4: Output pin sourcing current. No diode, inductor or capacitor connected 
to output pin. 


Note 5: Feedback 
pin removed from output and connected 
to OV. 


Note 6: Feedback 
pin removed from output and connected 
to + 12V for the Adjustable, 
3.3V, and 5V versions, and +25V for the 12V and 15V versions, to force 
the output transistor 
OFF. 


Note 7: V,N ~ 40V (60V for high vollage version). 


Note 8: Junction to ambient thermal resistance 
with approximately 
1 square inch of printed circuit board copper surrounding 
the leads. Additional copper area will 
lower thermal resistance 
further. See application 
hints in this data sheet and the thermal model in Swltchers 
Made Simple 
software. 


Note 9: Junction 
to ambient thermal resistance 
with approximately 
4 square inches of 1 oz. (0.0014 in. thick) printed circuit board copper surrounding 
the leads. 
Additional 
copper area will lower thermal resistance 
further. (See Note 8.) 


Note 10: The oscillator frequency reduces to approximately 
18 kHz in the event of an output short or an overload which causes the regulated output voltage to drop 


approximately 
40% from the nominal output voltage. This self protection feature lowers the average power dissipation of the IC by lowering the minimum duty cycle 
from 5% down to approximately 
2%. 


Typical Performance Characteristics 
(Circuit of Figure 2) 


Normalized Output Voltage 
Line Regulation 
Dropout Voltage 


+1.0 


VIM = 20V 
I 


1.4 
2.0 


+0.8 - 
12 
I--l--tOAD 
= 100 m~ 
_ 
E 


L= 
33O.uH 


E 
tOAD = 100 mA 
E 


• 
TJ=25°C--",,- 
~ND = 0.2/1 


+0.6 - 
Normalized 
at 
1.0 
1...00'" 
.. 


u 
- 
_TJ=25°C 


~ 


;= 
1.5 
z 
+0.4 
0.0 
~ 


~ 


..z 
+0.2 
u 
0.6 
V 
I 
- 


I,.OAD - 
500 
mA 
.- 
- 
w 


~ 


0 
•..... 
u 
0.4 
-'I-+-- 
3.3V, 
5V, >ADJ. 
15 
1.0 
--e-- 


.. 


-0.2 
'::; 


0.2 
V 
If-- _12V 
~ 
:,5V 
~ 
- 
~ 
~ 
~ 


tOAD = 100mA - 


-0.4 
o 
I 
I 
I 
~ 
~ 
, 
~ 
0 
0.5 
, 


-0.6 
-0.2/1 
II 
~ 


5 
~ 
~ 
-0.0 
0 
-0.4 
I 
I 
z 


-1.0 
-0.6 
0 
-SO 
-25 
-0 
25 
SO 
75 
100 
125 
0 
10 
20 
30 
40 
SO 
60 
-SO 
-25 
0 
25 
SO 
75 
100 
125 


JUNCTION 
TEWPERATURE (OC) 
INPUT VOLTAGE (V) 
JUNCTION 
TEWPERATURE (Oc) 


Standby 


Current Limit 
Supply Current 
Quiescent Current 


1.4 
20 


J. 
VOUT = 5V 
200 


VIM = 25V 
.. 
VIM = ••OV ~ 


1.3 
10 
Weasured 
at 
-3 
.. 
Ground 
Pin 
~ 
- 


I 
.. 
1.2 
16 
z 
150 
5 
\ 
TJ = 25°C 
~ 
~ 
~ 
z 
z 
14 
~ 
~ 
1.1 
\ 
u 
Vi5R/Off 
- 
5V 
~ 
~ 
z 
~ 
~ 
12 
100 
u 
1.0 
~ 
'- 


tOAD = 500 
mA 
i1 
u 
~ 
". 
- 


~ 
10 
~ 
...•... 
~ 
/'~ 
~ 
VIN = 12V - 
~ 
0.9 
0 
~ 
0 
~ 
50 
~ 
ILOAD - 
100 mA 
0 -- 
0.0 
6 
z 
:::; 
0.7 
4 
0 


-SO 
-25 
0 
25 
SO 
75 
100 
125 
0 
10 
20 
30 
40 
50 
60 
-SO 
-25 
0 
25 
50 
75 
100 
125 


JUNCTION TEWPERATURE COC} 
INPUT 
VOLTAGE (V) 
JUNCTION 
TEWPERATURE (OC) 


Tl/H/11394-17 • 


Typical Performance 
Characteristics 
(Circuit of Figure 2) (Continued) 


Switch 
Saturation 
Oscillator 
Frequency 
Voltage 
Efficiency 


8 
1.3 
'5 
I 
Normalized 
at 
25°C 
1.2 
.0 
E 


6 


VOUT~ 15V 


0.5A 
E 
1.1 
85 
~ 
4 
-- 


u 


~ 


1.0 
E 
80 
z 


2 
-- -- 
~ 
" 
/' 
'\ 


0.' 
.OoC 
V.,;: 
5V - 
~ 
~ 
-- - 
~ 


75 
-....::: ~ 
0 
\. 
z 
0.8 
25°C 
•...•...... 


~ 
" 
0.7 
- 
" 


70 
0.5A 
-2 
~ 
,,,0 ~ 
~ 
65 


~ 


" 
Y'N = 40V / 
0.6 
....... 


-4 
~ 
60 
"N.K 
0.5 
.•.......... O.IA 
-6 
I V1N=12V 
0.4 
55 


-8 
0.3 
50 
.......•. 


-75 -50-25 
0 
25 
50 
75 100125150 
0 
0.1 
0.2 
0.3 
0.4 
0.5 
0 
'0 
20 
30 
40 
50 
60 


JUNCTION TEWPERATURE (OC) 
SWITCH CURRENT (A) 
INPUT VOLTAGE (V) 


Supply Current 
Feedback 
Voltage 


Minimum 
Operating 
Voltage 
vs Duty Cycle 
vs Duty Cycle 


5.0 
20.0 
20 


4.5 
Adjustable 
V,r.lon 
Only 
Adjustable V.rtlcn 
OnlyJI' 
>' 
Adjultll.bl. 
V.rsion 
Only 


17.5 
.5- 
15 


4.0 
VIM = 7V ~ 
•...... 
\. 
"-OAD = 100 
mA 
I.•••.••• 
.. 
15.0 
" 
10 
E 
3.5 
.5- 
?" 
z 
~ 
1'""'-0 
.. 


~ 
3.0 
12.5 
z 
5 
~ 
#< 


u 
~ 
~1H-40V 
~ 
2.5 
10.0 
/" 


VIM T -40V 
~ 
0 
V 


1N 
=7V""""':: 
~ 
2.0 
- 
~ 


VOUT 
/11:1 
1.23V 
~ 
7.5 
lOAD = 10'0 mA 
~ 
-5 
1.5 I-- 
~ 
/' 
~ 
\OAO = 100 
mA 
5.0 
I 


-10 
1.0 
I 
0.5 
2.5 
I 


-15 


0 
0 
-20 
-50 
-25 
0 
25 
50 
75 
100 
125 
0 
20 
40 
60 
80 
100 
0 
20 
40 
60 
80 
100 


JUNCTION 
TEWPERATURE 
(Oe) 
DUTY CYCLE (lI) 
DUTY CYCLE (lI) 


TUHI11394-4 


Feedback 
Junction 
to Ambient 
Pin Current 
Thermal 
Resistance 


100 


oldjustabl. 
V.rsion 
Only 


150 
I I I 
140 
.. 
75 
"i" 


I 
1 I 
c 
~ 
130 
50 
I I I 
~ 


120 
25 
u 
50- 
14 
(WW) 
II 
z 
110 
z 
0 
:;; 
/ 
I I 
0: 
~ 
100 
~ 
-25 
X 
01P-8 
(N) 
~ 
.. 
.0 
.••.. ....•V 
I I 
~ 


-50 


~ 


80 


-75 
70 


..•.••.... 


-tOO 
60 
I 


-75 
-50 
-25 
0 
25 
50 
75 
100125150 
0 
I 
2 
3 
4 
5 
6 
7 
8 • 


JUNCTION 
TEWPERATURE 
(Oe) 
PC BOARD AREA (SO. 
IN. or 1 OZ. COPPER) 


TL/H/11394-5 


Typical Performance 
Characteristics 
(Circuit of Figure 2) (Continued) 


Continuous 
Mode Switching 
Waveforms 
Discontinuous 
Mode Switching 
Waveforms 
VOUT = 5V, 500 mA Load Current, 
L = 330).l.H 
VOUT = 5V, 100 mA Load Current, 
L = 100).l.H 
(m 
(m 
A 
10~ 
A 
10~ 


[ 


0.6A 


O.4A 


B 
0.2A 


o 


C f20 mV 
1.. AC 


( 


O.4A 
B 0.2: 


C{20 
mV 
AC 


A: Output 
Pin Voltage, 
10V/div 
B: Inductor 
Current, 
0.2 A/div 
C: Output 
Ripple 
Voltage, 
20 mY/diY, 
AC-Coupled 
Horizontal 
Time Base: 5).l.s/div 


A: Output 
Pin Voltage, 
10V/div 
B: Inductor 
Current, 
0.2 A/div 
C: Output 
Ripple 
Voltage, 
20 mY/diY, 
AC-Coupled 
Horizontal 
Time Base: 5 ).l.s/div 


500 mA Load Transient 
Response 
for Continuous 
Mode Operation, 
L = 330 ).l.H,COUT = 300).l.F 
250 mA Load Transient 
Response 
for Discontinuous 
Mode Operation. 
L = 68 ).l.H,COUT = 470 ).l.F 


U 
I 
• 


11.1.11 


Ii 
i ~~ 
,;;·t 
I 
! 


II • 
I 
• 
, 


!- 
• i 
! 
[ 


200 
mA 


B 
100 mA 


o mA 


Ar 50 mV 
1.. 
AC 


A: Output 
Voltage, 
50 mV/div. 
ACCoupled 
B: 100 mA to 500 mA Load Pulse 
Horizontal 
Time Base: 200 ).l.s/div 


A: Output 
Voltage, 
50 mV /dlv. 
ACCoupled 
B: 50 mA to 250 mA Load Pulse 
Horizontal 
Time Base: 200 ).l.s/div 


Rl 
- 
1k 


3.3V, R2 ~ 
1.7k 


5V, R2 ~ 3.1k 


12V. R2 ~ 8.84k 
15V, R2 ~ 
11.3k 


For Adj. Version 


R1 ~ Open, R2 - on 
• 


As in any switching 
regulator, 
layout 
is very important. 
Rap- 


idly 
switching 
currents 
associated 
with 
wiring 
inductance 


generate 
voltage 
transients 
which 
can cause 
problems. 
For 


minimal 
inductance 
and 
ground 
loops, 
the 
length 
of 
the 


leads indicated 
by heavy 
lines should 
be kept as short as 


possible. 
Single-point 
grounding 
(as indicated) 
or ground 


plane 
construction 
should 
be used for best 
results. 
When 


using the Adjustable 
version, 
physically 
locate 
the program- 
ming resistors 
near the regulator, 
to keep the sensitive 
feed- 


back wiring 
short. 


U.S. Source 


Note 
1: Pulse Engineering, 
(619) 674-8100 


P.O. Box 12236, San Diego, CA 92112 


Note 2: Renco 
Electronics 
Inc., 
(516) 586-5566 


60 Jeffryn 
Blvd. East, Deer Park, NY 11729 


Dl- 
Ll- 


221-'F,75V 
Aluminum 
Electrolytic 


220 I-'F, 25V 
Aluminum 
Electrolytic 


Schottky, 
11 D006 


330 I-'H, 52627 


(for 5V in, 3.3V out, use 


100 I-'H, RL-1284-100) 


2k,O.1% 


6.12k,0.1% 


Rl- 
R2- 


+ COUT 


220l'F 


VOUT ~ VREF ( , + ~) 


(VOUT 
) 
R2~ R, ---1 


VREF 


where 
VREF ~ 
1.23V, 


R 1 between 
1k & 5k. 


R2 
6.12k 


Rl 


2k 


Inductor 
Pulse Eng. 
Renco 
NPI 


Value 
(Note 
1) 
(Note 
2) 
(Note 3) 


681-'H 
· 
RL-1284-68 
NP5915 


lOOI-'H 
· 


RL-1284-100 
NP5916 


150I-'H 
52625 
RL-1284-150 
NP5917 


220I-'H 
52626 
RL-1284-220 
NP5918/5919 


330I-'H 
52627 
RL-1284-330 
NP5920/5921 


470I-'H 
52628 
RL-1284-470 
NP5922 


680I-'H 
52629 
RL-1283-680 
NP5923 


lOO0I-'H 
52631 
RL-1283-1000 
· 
1500I-'H 
· 
RL-1283-1500 
· 


2200I-'H 
· 
RL-1283-2200 
· 


FIGURE 
3. Inductor 
Selection 
by 


Manufacturer's 
Part Number 


European 
Source 


Note 3: NPII 
APC 
+ 44 (0) 634 290588 


47 Riverside, 
Medway 
City Estate 


Strood, 
Rochester, 
Kent 
ME24DP. 
UK 


LM2574 Series Buck Regulator Design Procedure 


PROCEDURE 
(Fixed 
Output 
Voltage 
Versions) 
EXAMPLE 
(Fixed 
Output 
Voltage 
Versions) 


Given: 
Given: 


VOUT = Regulated 
Output Voltage 
(3.3V, 5V, 12V, or 15V) 
VOUT = 5V 
VIN(Max) = Maximum 
Input Voltage 
VIN(Max) = 15V 


ILOAo(Max) = Maximum 
Load Current 
ILOAO(Max) = O.4A 


1. 
Inductor 
Selection 
(L 1) 
1. 
Inductor 
Selection 
(L 1) 


A. Select the correct 
Inductor 
value selection 
guide from 
A. Use the selection 
guide shown 
in Figure 5. 


Figures 4,5, 60r 
7. (Output voltages 
of 3.3V, 5V, 12Vor 
B. From the selection 
guide, the inductance 
area 
15V respectively). 
For other output voltages, 
see the 
intersected 
by the 15V line and O.4A line is 330. 
design 
procedure 
for the adjustable 
version. 
C. Inductor 
value required 
is 330 J-LH.From the table in 
B. From the inductor 
value selection 
guide, identify the 
Figure 3, choose 
Pulse Engineering 
PE-52627, 
inductance 
region intersected 
by VIN(Max) and 
Renco 
RL-1284-330, 
or NPI NP5920/5921. 
ILOAO(Max). 


C. Select 
an appropriate 
inductor 
from the table shown in 
Figure 3 . Part numbers 
are listed for three inductor 
manufacturers. 
The inductor 
chosen 
must be rated for 
operation 
at the LM2574 
switching 
frequency 
(52 kHz) and 
for a current 
rating of 1.5 x 
ILOAO. For additional 
inductor 
information, 
see the inductor 
section 
in the Application 
Hints section 
of this data sheet. 


2. 
Output 
Capacitor 
Selection 
(COUT) 
2. 
Output 
Capacitor 
Selection 
(Cour) 
A. The value of the output 
capacitor 
together 
with the 
A. COUT = 100 J-LFto 470 J-LFstandard 
aluminum 
inductor 
defines 
the dominate 
pole-pair 
of the switching 
electroly1ic. 
regulator 
loop. For stable operation 
and an acceptable 
B. Capacitor 
voltage 
rating = 20V. 
output 
ripple voltage, 
(approximately 
1% of the output 
voltage) 
a value between 
100 J-LFand 470 J-LFis 
recommended. 


B. The capacitor's 
voltage 
rating should 
be at least 1.5 
times greater 
than the output voltage. 
For a 5V regulator, 
a rating of at least 8V is appropriate, 
and a 10V or 15V 
rating is recommended. 


Higher voltage 
electroly1ic 
capacitors 
generally 
have lower 
ESR numbers, 
and for this reasion 
it may be necessary 
to 
select 
a capacitor 
rated for a higher voltage 
than would 
normally 
be needed. 
3. 
Catch 
Diode 
Selection 
(01) 
3. 
Catch 
Diode 
Selection 
(01) 
A. The catch-diode 
current 
rating must be at least 1.5 
A. For this example, 
a 1A current 
rating is adequate. 
times greater 
than the maximum 
load current. 
Also, if the 
B. Use a 20V 1N5817 or SR 102 Schottky 
diode, or any of 
power supply design 
must withstand 
a continuous 
output 
the suggested 
fast-recovery 
diodes 
shown 
in Figure 9 . 
short, the diode should 
have a current 
rating equal to the 
maximum 
current 
limit of the LM2574. 
The most stressful 
condition 
for this diode is an overload 
or shorted 
output 
condition. 


B. The reverse 
voltage 
rating of the diode should be at 
least 1.25 times the maximum 
input voltage. 


4. 
Input 
Capacitor 
(CIN) 
4. 
Input 
Capacitor 
(CIN) 
An aluminum 
or tantalum 
electroly1ic 
bypass capacitor 
A 22 J-LFaluminum 
electroly1ic 
capacitor 
located 
near the 
located 
close to the regulator 
is needed 
for stable 
input and ground 
pins provides 
sufficient 
bypassing. 
operation. 
• 
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LM2574 Series Buck Regulator Design Procedure 
(Continued) 


PROCEDURE 
(Adjustable 
Output 
Voltage 
Versions) 


Given: 


VOUT = Regulated 
Output Voltage 


VIN(Max) 
= 
Maximum 
Input Voltage 


ILOAO(Max) = Maximum 
Load Current 


F = Switching 
Frequency 
(Fixed at 52 kHz) 


1. 
Programming 
Output 
Voltage 
(Selecting 
Rt and R2, as 


shown in Figure 2) 


Use the following 
formula 
to select the appropriate 


resistor 
values. 


VOUT = VREF (1 
+ 
:~) 
where VREF = 
1.23V 


R1 can be between 
1k and 5k. (For best temperature 


coefficient 
and stability 
with time, use 1% metal film 


resistors) 


( 
VOUT 
) 
R2= 
R1 
---1 
VREF 


Inductor 
Selection 
(L 1) 


A. Calculate 
the inductor 
Volt • microsecond 
constant, 


E • T (V • JLs), from the following 
formula: 


VOUT 
1000 


E • T = (VIN - 
VOUT) --. 
--. 
-- 
(V· 
JLs) 
VIN 
F(mkHz) 


B. Use the E • T value from the previous 
formula 
and 


match it with the E • T number 
on the vertical 
axis of the 
Inductor 
Value 
Selection 
Guide 
shown in Figure 8. 


C. On the horizontal 
axis, select the maximum 
load 


current. 


D. Identify the inductance 
region intersected 
by the E • T 


value and the maximum 
load current 
value, and note the 


inductor 
value for that region. 


E. Select 
an appropriate 
inductor 
from the table shown in 


Figure 3. Part numbers 
are listed for three inductor 


manufacturers. 
The inductor 
chosen 
must be rated for 


operation 
at the LM2574 
switching 
frequency 
(52 kHz) 
and for a current 
rating of 1.5 x 'LOAO' For additional 


inductor 
information, 
see the inductor 
section 
in the 
application 
hints section 
of this data sheet. 


A. The value of the output capacitor 
together 
with the 


inductor 
defines 
the dominate 
pole-pair 
of the switching 


regulator 
loop. For stable operation, 
the capacitor 
must 
satisfy the following 
requirement: 


VIN(Max) 
COUT ~ 13,300 -;-:---"-"'---:'.,-'-:-cc(JLF) 


VOUT· 
L(JLH) 


The above formula 
yields capacitor 
values between 
5 JLF 


and 1000 JLFthat will satisfy the loop requirements 
for 


stable operation. 
But to achieve 
an acceptable 
output 


ripple voltage, 
(approximately 
1% of the output voltage) 


and transient 
response, 
the output capacitor 
may need to 


be several 
times larger than the above formula 
yields. 


B. The capacitor's 
voltage 
rating should 
be at last 1.5 


times greater 
than the output voltage. 
For a 24 V regulator, 
a rating of at least 35V is recommended. 


Higher voltage 
electrolytic 
capacitors 
generally 
have 
lower ESR numbers, 
and for this reasion 
it may be 


necessary 
to select a capacitor 
rate for a higher voltage 


than would normally 
be needed. 


EXAMPLE 
(Adjustable 
Output 
Voltage 
Versions) 


Given: 


VOUT = 24V 


VIN(Max) 
= 40V 


ILOAO(Max) = 0.4A 


F = 52 kHz 


1. 
Programming 
Output 
Voltage 
(Selecting 
Rl 
and R2) 


VOUT=1.23(1+:~) 
SelectR1=1k 


R2 = 
R1(VOUT 
-1) 
= 
1k( 
24V 
- 
1) 
VREF 
1.23V 


2. 
Inductor 
Selection 
(L 1) 


A. Calculate 
E • T (V • JLs) 


24 
1000 
E • T = (40 - 
24)· 
40 • 52 = 
185 V • JLs 


B. E • T = 
185 V • JLs 


C. ILOAO(Max) = 0.4A 


D. Inductance 
Region 
= 
1000 


E. Inductor 
Value 
= 
1000 JLH Choose 
from Pulse 


EngIneerIng 
Part #PE-52631, 
orRenco 


Part #RL-1283-1000. 


3. 
Output 
Capacitor 
Selection 
(COUT) 
40 
A. COUT > 13,300 24 • 1000 = 22.2 JLF 


However, 
for acceptable 
output 
ripple voltage 
select 


COUT ~ 100 JLF 
COUT = 
100 JLFelectrolytic 
capacitor 
• 


A. The catch-diode 
current 
rating must be at least 1.5 


times greater than the maximum 
load current. 
Also, if the 


power supply design 
must withstand 
a continuous 
output 


short, the diode should 
have a current 
rating equal to the 


maximum 
current 
limit of the LM2574. 
The most stressful 


condition 
for this diode is an overload 
or shorted 
output 


condition. 
Suitable 
diodes are shown in the selection 


guide of Figure 9. 
B. The reverse voltage 
rating of the diode should 
be at 


least 1.25 times the maximum 
input voltage. 
5. 
Input Capacitor 
(CIN) 


An aluminum 
or tantalum 
electroly1ic 
bypass capacitor 


located 
close to the regulator 
is needed 
for stable 


operation. 


A. For this example, 
a 1A current 
rating is adequate. 


B. Use a 50V MBR150 
or 110005 
Schottky 
diode, or any of the 


suggested 
fast-recovery 
diodes 
in Figure 9. 


5. 
Input Capacitor 
(CIN) 


A 22 ",F aluminum 
electroly1ic 
capacitor 
located 
near the input 


and ground 
pins provides 
sufficient 
bypassing. 


VR 
1 Amp Diodes 


Schottky 
Fast Recovery 


1N5817 


20V 
SR102 


MBR120P 


1N5818 


SR103 


30V 
110003 


MBR130P 
The 


10J0030 
following 
- 


diodes 
1N5819 
are all 


SR104 
rated to 
40V 
110004 
100V 


11J004 


MBR140P 
11OF1 


MBR150 
10JF1 


SR105 
MUR110 


- 


50V 
110005 
HER102 


11J005 


MBR160 


60V 
SR106 


110006 


11J006 


90V 
110009 


To further simplify 
the buck regulator 
design procedure, 
National 


Semiconductor 
is making available 
computer 
design software 
to 


be used with the Simple Switcher 
line of switching 
regulators. 


Switchers 
Made Simpfe 
(version 3.3) is available 
on a (3~') 


diskette 
for IBM compatible 
computers 
from a National 


Semiconductor 
sales office in your area. 


Application 
Hints 


INPUT CAPACITOR 
(CIN) 


To 
maintain 
stability, 
the 
regulator 
input 
pin must 
be by- 
passed 
with at least a 22 J.LFelectrolytic 
capacitor. 
The ca- 


pacitor's 
leads 
must 
be kept 
short, 
and 
located 
near the 
regulator. 


If the 
operating 
temperature 
range 
includes 
temperatures 
below 
-25'C, 
the 
input 
capacitor 
value 
may 
need 
to 
be 
larger. 
With 
most 
electrolytic 
capacitors, 
the 
capacitance 
value decreases 
and the ESR increases 
with lower temper- 
atures 
and age. Paralleling 
a ceramic 
or solid tantalum 
ca- 


pacitor 
will increase 
the regulator 
stability 
at cold tempera- 
tures. For maximum 
capacitor 
operating 
lifetime, 
the capaci- 
tor's 
RMS ripple current 
rating 
should 
be greater 
than 


1.2 x (~) 
X ILOAD 


where 
toN = Your 
for a buck regulator 
T 
V,N 


and 
tON = 
[Vour[ 
for a buck-boost 
regulator. 


T 
[Vour[ 
+ V,N 


INDUCTOR 
SELECTION 


All switching 
regulators 
have two basic modes of operation: 
continuous 
and discontinuous. 
The difference 
between 
the 
two types 
relates 
to the inductor 
current, 
whether 
it is flow- 
ing continuously, 
or if it drops to zero for a period 
of time in 
the normal 
switching 
cycle. 
Each mode 
has distinctively 
dif- 
ferent 
operating 
characteristics, 
which can affect the regula- 
tor performance 
and requirements. 


The LM2574 
(or any of the Simple 
Switcher 
family) 
can be 
used for both continuous 
and discontinuous 
modes 
of oper- 
ation. 


In many 
cases 
the 
preferred 
mode 
of operation 
is in the 
continuous 
mode. It offers 
better load regulation, 
lower peak 
switch, 
inductor 
and diode currents, 
and can have lower out- 
put ripple voltage. 
But it does require 
relatively 
large induc- 
tor values 
to keep the inductor 
current 
flowing 
continuously, 
especially 
at low output 
load currents. 


To simplify 
the inductor 
selection 
process, 
an inductor 
se- 
lection 
gUide 
(nomograph) 
was 
designed 
(see 
Figures 
4 
through 
8). 
This 
guide 
assumes 
continuous 
mode 
opera- 
tion, and selects 
an inductor 
that will allow 
a peak-to-peak 
inductor 
ripple current 
(~I'ND) to be a certain 
percentage 
of 
the 
maximum 
design 
load current. 
In the LM2574 
SIMPLE 
SWITCHER, 
the 
peak-to-peak 
inductor 
ripple 
current 
per- 
centage 
(of load current) 
is allowed 
to change 
as different 
design 
load currents 
are selected. 
By allowing 
the percent- 
age of inductor 
ripple 
current 
to increase 
for lower 
current 
applications, 
the inductor 
size and value 
can be kept rela- 
tively 
low. 


INDUCTOR 
RIPPLE 
~URRENT 


When the switcher 
is operating 
in the continuous 
mode, the 
inductor 
current 
waveform 
ranges 
from 
a triangular 
to 
a 
sawtooth 
type 
of waveform 
(depending 
on the 
input 
volt- 
age). For a given input voltage 
and output voltage, 
the peak- 
to-peak 
amplitude 
of this inductor 
current 
waveform 
remains 


constant. 
As the load current 
rises or falls, the entire 
saw- 


tooth 
current 
waveform 
also rises or falls. The average 
DC 
value 
of this waveform 
is equal 
to the 
DC load current 
(in 
the buck regulator 
configuration). 


If the load current 
drops 
to a low enough 
level, the bottom 
of the sawtooth 
current 
waveform 
will reach 
zero, 
and the 
switcher 
will change 
to a discontinuous 
mode 
of operation. 


This is a perfectly 
acceptable 
mode of operation. 
Any buck 
switching 
regulator 
(no matter 
how large the inductor 
value 
is) will be forced 
to run discontinuous 
if the load current 
is 
light enough. 


The curve 
shown 
in Figure 
10 illustrates 
how the 
peak-to- 
peak inductor 
ripple current 
(~I'ND) 
is allowed 
to change 
as 
different 
maximum 
load currents 
are selected, 
and also how 
it changes 
as the operating 
point varies from the upper 
bor- 
der to the 
lower 
border 
within 
an inductance 
region 
(see 
Inductor 
Selection 
guides). 


•... 
90 
~ 
=:> 
80 
u 
c«3 
70 
z 
'"i::i 
60 
c 
x« 
50 
"""0 
~ 
40 
"z 


<l 
! 


Inductance 


Region 


0.2 
0.3 
0.4 
0.5 


MAXIMUM 
LOAD 
CURRENT 
(A) 


TLiH/11394-18 


FIGURE 
10. Inductor 
Ripple 
Current 
(~IIND) Range 
Based 
on Selection 
Guides 
from 
Figures 4-8. 


Consider 
the following 
example: 


Your 
= 5V 
@ O.4A 


V,N = 10V minimum 
up to 20V maximum 


The selection 
guide in Figure 
5 shows 
that for a O.4A load 
current, 
and an input voltage 
range 
between 
10V and 20V, 
the inductance 
region selected 
by the guide is 330 J.LH.This 
value of inductance 
will allow a peak-to-peak 
inductor 
ripple 
current 
(~I'ND) to flow that will be a percentage 
of the maxi- 


mum load current. 
For this inductor 
value, the ~IIND will also 
vary depending 
on the input 
voltage. 
As the 
input voltage 
increases 
to 20V, 
it approaches 
the 
upper 
border 
of the 
inductance 
region, and the inductor 
ripple current 
increases. 


Referring 
to the curve in Figure 
10, it can be seen that at the 
O.4A load current 
level, and operating 
near the upper border 
of the 330 J.LHinductance 
region, 
the ~1'ND will be 53% 
of 
0.4A, or 212 mA pop. 


This ~I'ND is important 
because 
from this number 
the peak 
inductor 
current 
rating 
can 
be 
determined, 
the 
minimum 
load current 
required 
before 
the circuit 
goes to discontinu- 


ous 
operation, 
and 
also, 
knowing 
the 
ESR 
of the 
output 
capacitor, 
the 
output 
ripple 
voltage 
can 
be calculated, 
or 
conversely, 
measuring 
the output 
ripple voltage 
and know- 
ing the ~1'ND, the ESR can be calculated. 
• 


Application 
Hints (Continued) 
From the previous example, the Peak-to-peak Inductor Rip- 
ple Current (.6.IIND)= 212 mA pop.Once the .6.INDvalue is 
known, the following three formulas can be used to calcu- 
late additional information about the switching regulator cir- 
cuit: 


1. Peak Inductor or peak switch current 


( 
.6.IIND) 
( 
212) 
= 
ILOAD+ -2- 
= 
0.4A +""2 
= 506 mA 


(.6.IIND).See the section on inductor ripple current in Appli- 
cation Hints. 
The lower capacitor values (100 I'-F- 330 I'-F)will allow typi- 
cally 50 mV to 150 mV of output ripple voltage, while larger- 
value capacitors will reduce the ripple to approximately 
20 mV to 50 mY. 
Output Ripple Voltage = (.6.IIND)(ESR of COUT) 
To further reduce the output ripple voltage, several standard 
electrolytic capacitors may be paralleled, or a higher-grade 
capacitor may be used. Such capacitors are often called 
"high-frequency," "low-inductance," or "Iow-ESR." These 
will reduce the output ripple to 10 mV or 20 mY. However, 
when operating in the continuous mode, reducing the ESR 
below 0.030 can cause instability in the regulator. 


Tantalum capacitors can have a very low ESR, and should 
be carefully evaluated if it is the only output capacitor. Be- 
cause of their good low temperature characteristics, a tanta- 
lum can be used in parallel with aluminum electrolytics, with 
the tantalum making up 10% or 20% of the total capaci- 
tance. 
The capacitor's ripple current rating at 52 kHz should be at 
least 50% higher than the peak-to-peak inductor ripple cur- 
rent. 


CATCH 
DIODE 
Buck regulators require a diode to provide a return path for 
the inductor current when the switch is off. This diode 
should be located close to the LM2574 using short leads 
and short printed circuit traces. 
Because of their fast switching speed and low forward volt- 
age drop, Schottky diodes provide the best efficiency, espe- 
cially in low output voltage switching regulators (less than 
5V). Fast-Recovery, High-Efficiency, or Ultra-Fast Recovery 
diodes are also suitable, but some types with an abrupt turn- 
off characteristic may cause instability and EMI problems. A 
fast-recovery diode with soft recovery characteristics is a 
better choice. Standard 60 Hz diodes (e.g., 1N4001 or 
1N5400, etc.) are also not 
suitable. 
See Figure 
9 for 
Schottky and "soft" fast-recovery diode selection guide. 


OUTPUT 
VOLTAGE 
RIPPLE AND TRANSIENTS 
The output voltage of a switching power supply will contain 
a sawtooth ripple voltage at the switcher frequency, typically 
about 1% of the output voltage, and may also contain short 
voltage spikes at the peaks of the sawtooth waveform. 
The output ripple voltage is due mainly to the inductor saw- 
tooth ripple current multiplied by the ESR of the output ca- 
pacitor. (See the inductor selection in the application hints.) 
The voltage spikes are present because of the the fast 
switching action of the output switch, and the parasitic in- 
ductance of the output filter capacitor. To minimize these 
voltage spikes, special lor' inductance capacitors can be 
used, and their lead lengths must be kept short. Wiring in- 
ductance, stray capacitance, as well as the scope probe 
used to evaluate these transients, all contribute to the am- 
plitude of these spikes. 


An additional small LC filter (20 I'-H& 100 I'-F)can be added 
to the output (as shown in Figure 
16) to further reduce the 
amount of output ripple and transients. A 10 x reduction in 
output ripple voltage and transients is possible with this fil- 
ter. 


2. Mimimum load current before the circuit becomes discon- 
tinuous 


= .6.IIND= 212 = 106 mA 
2 
2 
3. Output Ripple Voltage = (.6.IIND)x (ESR of COUT) 
The selection guide chooses inductor values suitable for 
continuous mode operation, but if the inductor value chosen 
is prohibitively high, the designer should investigate the pos- 
sibility of discontinuous operation. The computer design 
software Swltchers Made Simple will provide all compo- 
nent values for discontinuous (as well as continuous) mode 
of operation. 
Inductors are available in different styles such as pot core, 
toroid, E-frame, bobbin core, etc., as well as different core 
materials, such as ferrites and powdered iron. The least ex- 
pensive, the bobbin core type, consists of wire wrapped on 
a ferrite rod core. This type of construction makes for an 
inexpensive inductor, but since the magnetic flux is not com- 
pletely contained within the core, it generates more electro- 
magnetic interference (EMI). This EMI can cause problems 
in sensitive circuits, or can give incorrect scope readings 
because of induced voltages in the scope probe. 
The inductors listed in the selection chart include powdered 
iron toroid for Pulse Engineering, and ferrite bobbin core for 
Renco. 
An inductor should not be operated beyond its maximum 
rated current because it may saturate. When an inductor 
begins to saturate, the inductance decreases rapidly and 
the inductor begins to look mainly resistive (the DC resist- 
ance of the winding). This can cause the inductor current to 
rise very rapidly and will affect the energy storage capabili- 
ties of the inductor and could cause inductor overheating. 
Different inductor types have different saturation character- 
istics, and this should be kept in mind when selecting an 
inductor. The inductor manufacturers' data sheets include 
current and energy limits to avoid inductor saturation. 


OUTPUT 
CAPACITOR 
An output capacitor is required to filter the output voltage 
and is needed for loop stability. The capacitor should be 
located near the LM2574 using short pc board traces. Stan- 
dard aluminum electrolytics are usually adequate, but low 
ESR types are recommended for low output ripple voltage 
and good stability. The ESR of a capacitor depends on 
many factors, some which are: the value, the voltage rating, 
physical size and the type of construction. In general, low 
value or low voltage (less than 12V) electrolytic capacitors 
usually have higher ESR numbers. 


The amount of output ripple voltage is primarily a function of 
the ESR (Equivalent Series Resistance) of the output ca- 
pacitor and the amplitude of the inductor ripple current 


Application 
Hints (Continued) 


FEEDBACK 
CONNECTION 


The LM2574 
(fixed voltage 
versions) 
feedback 
pin must be 
wired 
to the 
output 
voltage 
point 
of the 
switching 
power 
supply. When using the adjustable 
version, 
physically 
locate 
both output 
voltage 
programming 
resistors 
near the LM2574 


to avoid 
picking 
up unwanted 
noise. 
Avoid 
using 
resistors 


greater 
than 
100 kD. because 
of the 
increased 
chance 
of 


noise 
pickup. 


ON/OFF 
INPUT 


For normal 
operation, 
the ON/OFF 
pin should 
be grounded 
or driven with a low-level 
TTL voltage 
(typically 
below 
1.6V). 


To put the regulator 
into standby 
mode, drive this pin with a 


high· level 
TTL 
or CMOS 
signal. 
The ON/OFF 
pin can 
be 


safely 
pulled 
up to + VIN without 
a resistor 
in series 
with it. 


The ON/OFF 
pin should 
not be left open. 


GROUNDING 


The 8-pin 
molded 
DIP and the 14-pin 
surface 
mount 
pack- 
age 
have 
separate 
power 
and 
signal 
ground 
pins. 
Both 


ground 
pins should 
be soldered 
directly 
to wide printed 
cir- 


cuit board 
copper 
traces 
to assure 
low inductance 
connec- 


tions 
and good thermal 
properties. 


THERMAL 
CONSIDERATIONS 


The 8-pin 
DIP (N) package 
and the 
14-pin 
Surface 
Mount 


(M) package 
are molded 
plastic 
packages 
with solid copper 


lead frames. 
The copper 
lead frame 
conducts 
the majority 
of the heat from 
the die, through 
the leads, 
to the printed 


circuit 
board 
copper, 
which 
acts as the heat sink. For best 


thermal 
performance. 
wide 
copper 
traces 
should 
be used, 
and all ground 
and unused 
pins should 
be soldered 
to gen- 


erous 
amounts 
of printed 
circuit 
board 
copper, 
such 
as a 


ground 
plane. 
Large areas of copper 
provide 
the best trans- 


fer of heat (lower thermal 
resistance) 
to the surrounding 
air, 


and even 
double-sided 
or multilayer 
boards 
provide 
better 


heat 
paths 
to the surrounding 
air. Unless 
the power 
levels 


are small, using a socket 
for the 8-pin package 
is not recom- 
mended 
because 
of the additional 
thermal 
resistance 
it in- 


troduces, 
and the resultant 
higher junction 
temperature. 


Because 
of the 0.5A current 
rating of the LM2574, 
the total 


package 
power 
dissipation 
for 
this 
switcher 
is quite 
low, 
ranging 
from approximately 
0.1 W up to 0.75W under varying 


conditions. 
In a carefully 
engineered 
printed 
circuit 
board, 


both 
the 
N and the 
M package 
can easily 
dissipate 
up to 


0.75W, 
even at ambient 
temperatures 
of 60·C, and still keep 


the maximum 
junction 
temperature 
below 
125·C. 


A curve 
displaying 
thermal 
resistance 
vs. pc board 
area for 


the 
two 
packages 
is shown 
in the 
Typical 
Performance 


Characteristics 
curves 
section 
of this data sheet. 


+8 to +25V 
Unregulated 
DC Input 
+V1N 


5 


These 
thermal 
resistance 
numbers 
are 
approximate, 
and 


there 
can be many factors 
that will affect 
the final thermal 


resistance. 
Some 
of 
these 
factors 
include 
board 
size, 


shape, thickness, 
position, 
location, 
and board temperature. 


Other factors 
are, the area of printed 
circuit 
copper, 
copper 


thickness, 
trace 
width, 
multi-layer, 
single- 
or double-sided, 


and the amount 
of solder on the board. The effectiveness 
of 


the 
pc board 
to dissipate 
heat 
also 
depends 
on the 
size, 


number 
and 
spacing 
of other 
components 
on the 
board. 


Furthermore, 
some of these components, 
such as the catch 


diode and inductor 
will generate 
some additional 
heat. Also, 


the 
thermal 
resistance 
decreases 
as the 
power 
level 
in- 


creases 
because 
of the increased 
air current 
activity 
at the 


higher 
power 
levels, 
and the lower surface 
to air resistance 


coefficient 
at higher temperatures. 


The data sheet 
thermal 
resistance 
curves 
and the thermal 


model 
in Swltchers 
Made 
Simp/e 
software 
(version 
3.3) 


can estimate 
the maximum 
junction 
temperature 
based 
on 


operating 
conditions. 
In addition, 
the junction 
temperature 


can 
be estimated 
in actual 
circuit 
operation 
by using 
the 


following 
equation. 


Tj = Tcu + (OJ.cu x Po) 


With 
the 
switcher 
operating 
under 
worst 
case 
conditions 


and all other 
components 
on the board 
in the intended 
en- 


closure, 
measure 
the copper 
temperature 
(Tcu ) near the IC. 


This can be done 
by temporarily 
soldering 
a small thermo- 


couple 
to the pc board 
copper 
near the IC, or by holding 
a 


small 
thermocouple 
on the pc board 
copper 
using thermal 


grease 
for good thermal 
conduction. 


The thermal 
resistance 
(OJ-cu)for the two packages 
is: 


0j-cu = 42·C/W 
for the N-8 package 
OJ-cu= 5~C/W 
for the M-14 package 


The power dissipation 
(Po) for the IC could be measured, 
or 


it can be estimated 
by using the formula: 


Po = (VIN) (Is) + (Vo) 
(ILOAO) (VSAT) 
VIN 


Where 
Is is obtained 
from 
the typical 
supply 
current 
curve 


(adjustable 
version 
use the 
supply 
current 
vs. 
duty 
cycle 


curve). 


Additional Applications 


INVERTING 
REGULATOR 


Figure 
11 shows 
a LM2574-12 
in a buck-boost 
configuration 


to generate 
a negative 
12V output from a positive 
input volt- 


age. This circuit bootstraps 
the regulator's 
ground 
pin to the 


negative 
output 
voltage, 
then 
by grounding 
the 
feedback 


pin, the 
regulator 
senses 
the 
inverted 
output 
voltage 
and 


regulates 
it to -12V. 


Feedback 


1 
Out 


7 
+ 
'1N 
I22JLF 


COUT 
680 
JLF 
- 


-12V@100mA 


Regulated 
Output 
• 


OUlPUl 
CUrrenl 
HI lfllti 
GUrlIlYUIi:1UVIII::S 
cttJtJlUAllllc:llt:;lIY IVV 
1111"'\. 
At lighter loads, the minimum 
input voltage 
required 
drops to 
approximately 
4.7V. 


The 
switch 
currents 
in this 
buck-boost 
configuration 
are 
higher 
than 
in the standard 
buck-mode 
design, 
thus lower- 
ing the available 
output 
current. 
Also, the start-up 
input cur- 
rent of the buck-boost 
converter 
is higher than the standard 
buck-mode 
regulator, 
and this may overload 
an input power 
source 
with a current 
limit less than 
0.6A. 
Using a delayed 
turn-on 
or an undervoltage 
lockout 
circuit 
(described 
in the 
next section) 
would 
allow the input voltage 
to rise to a high 
enough 
level 
before 
the switcher 
would 
be allowed 
to turn 
on. 


Because 
of the structural 
differences 
between 
the buck and 


the buck-boost 
regulator 
topologies, 
the buck 
regulator 
de- 
sign 
procedure 
section 
can 
not 
be used 
to to select 
the 


inductor 
or the output 
capacitor. 
The recommended 
range 
of 
inductor 
values 
for 
the 
buck-boost 
design 
is between 
68 J.LHand 220 J.LH,and the output 
capacitor 
values 
must be 


larger than what 
is normally 
required 
for buck designs. 
Low 
input voltages 
or high output 
currents 
require 
a large value 
output 
capacitor 
(in the thousands 
of micro Farads). 


The peak 
inductor 
current, 
which 
is the same 
as the peak 


switch 
current, 
can be calculated 
from the following 
formula: 


I 
- 
ILOAD (VIN + Ivai) 
VIN Ivai 
1 
_ 
+ ~=-=-'-x --- 
P 
VIN 
VIN+ IVai 
2Ll 
fose 


Where 
fose = 52 kHz. 
Under 
normal 
continuous 
inductor 
current 
operating 
conditions, 
the 
minimum 
VIN represents 
the worst 
case. Select 
an inductor 
that is rated for the peak 


current 
anticipated. 


Also, 
the maximum 
voltage 
appearing 
across 
the regulator 
is the absolute 
sum of the input and output 
voltage. 
For a 


-12V 
output, 
the maximum 
input voltage 
for the LM2574 
is 


+ 28V, or +48V 
for the LM2574HV. 


The Switchers 
Made 
Simple 
(version 
3.3) design 
software 


can be used to determine 
the feasibility 
of regulator 
designs 
using different 
topologies, 
different 
input-output 
parameters, 


different 
components, 
etc. 


NEGATIVE 
BOOST 
REGULATOR 


Another 
variation 
on the 
buck-boost 
topology 
is the 
nega- 
tive boost 
configuration. 
The circuit 
in Figure 
12 accepts 
an 


input 
voltage 
ranging 
from 
-5V 
to 
-12V 
and 
provides 
a 


regulated 
-12V 
output. 
Input voltages 
greater 
than 
-12V 


will cause 
the output 
to rise above 
-12V, 
but will not dam- 
age the regulator. 


COUT 
1000 !,F 


Load Current 
60 mA for V1N; 
-S.2V 


120 mA for V1N; 
-7V 


TLIH/11394-20 


voltages. 
Output 
load current 
limitations 
are a result 
of the 
maximum 
current 
rating of the switch. 
Also, boost regulators 
can not provide 
current 
limiting 
load protection 
in the event 
of a shorted 
load, 
so some 
other 
means 
(such 
as a fuse) 
may be necessary. 


UNDERVOLTAGELOCKOUT 


In some applications 
it is desirable 
to keep the regulator 
off 
until the input voltage 
reaches 
a certain 
threshold. 
An un- 
dervoltage 
lockout 
circuit 
which 
accomplishes 
this 
task 
is 
shown 
in Figure 
13, while Figure 
14 shows 
the same circuit 
applied 
to a buck-boost 
configuration. 
These 
circuits 
keep 
the regulator 
off until the input voltage 
reaches 
a predeter- 
mined 
level. 


Note: 
Complete 
circuit not shown. 


Note: 
Pin numbers 
are for a-pin DIP package. 


+V1N 
5 
LM2574-XX 


3 
ON/OFF 
2 t 4 
Gnds 


pins 


Note: Complete circuit not shown (see Figure 11). 


Note: 
Pin numbers 
are for 8-pin DIP package. 


FIGURE 
14. Undervoltage 
Lockout 
for Buck-Boost 
Circuit 
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Additional Applications 
(Continued) 


DELAYED 
STARTUP 


The ON/OFF 
pin can be used to provide 
a delayed 
startup 
feature 
as shown 
in Figure 
15. With an input voltage 
of 20V 
and for the part values 
shown, 
the circuit 
provides 
approxi- 
mately 
10 ms of delay time before 
the circuit 
begins 
switch- 
ing. Increasing 
the RC time constant 
can provide 
longer de- 
lay 
times. 
But 
excessively 
large 
RC time 
constants 
can 
cause 
problems 
with input voltages 
that are high in 60 Hz or 
120 Hz ripple, 
by coupling 
the ripple into the ON/OFF 
pin. 


ADJUSTABLE 
OUTPUT, 
LOW-RIPPLE 
POWER 
SUPPLY 


A 500 mA power 
supply 
that features 
an adjustable 
output 
voltage 
is shown 
in Figure 
16. An additional 
L-C filter 
that 
reduces 
the output 
ripple by a factor 
of 10 or more is includ- 
ed in this circuit. 


tV1N 
tV1N 
LM2574-XX 
5 


0.1 J.lF 
ON/ofF 
2 & 4 
Gnds 
t 


C,Nl 
22 J.lF 
Ro 
47k 


Note: 
Complete 
circuit not shown. 


Note: Pin numbers are for 8-pin DIP package. 


Output 


Voltage 


t1.2 
to 55V 


@ 0.5A 


Cll100J.lF 


optional 
output 
ripple 
filter 
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Definition of Terms 


BUCK REGULATOR 


A switching 
regulator 
topology 
in which 
a higher 
voltage 
is 
converted 
to a lower 
voltage. 
Also 
known 
as a step-down 
switching 
regulator. 


BUCK-BOOST 
REGULATOR 


A switching 
regulator 
topology 
in which 
a positive 
voltage 
is 
converted 
to a negative 
voltage 
without 
a transformer. 


DUTY CYCLE 
(D) 


Ratio of the output 
switch's 
on-time 
to the oscillator 
period. 


D = tON = VOUT 
T 
VIN 


for buck-boost 
regulator 
D = tON = 
IVai 
T 
IVai + VIN 


CATCH 
DIODE OR CURRENT 
STEERING 
DIODE 


The diode which 
provides 
a return path for the load current 
when 
the LM2574 
switch 
is OFF. 


EFFICIENCY 
('I» 


The proportion 
of input power actually 
delivered 
to the load. 


POUT 
POUT 
'1)=--= 
PIN 
POUT + PLOSS 


CAPACITOR 
EQUIVALENT 
SERIES 
RESISTANCE 
(ESR) 


The purely resistive 
component 
of a real capacitor's 
imped- 
ance 
(see Figure 
17). It causes 
power 
loss resulting 
in ca- 
pacitor 
heating, 
which 
directly 
affects 
the capacitor's 
oper- 
ating 
lifetime. 
When 
used 
as a switching 
regulator 
output 
filter, 
higher 
ESR values 
result 
in higher 
output 
ripple 
volt- 
ages. 


TL/H/11394-25 


FIGURE 
17. Simple 
Model of a Real Capacitor 


Most 
standard 
aluminum 
electrolytic 
capacitors 
in 
the 
100 /LF-1000 
/LF range 
have 
0.50 
to 0.10 
ESR. 
Higher- 
grade 
capacitors 
("Iow-ESR", 
"high-frequency", 
or "low-in- 
ductance"') 
in the 
100 /LF-1000 
/LF range 
generally 
have 
ESR of less than 0.150. 


EQUIVALENT 
SERIES 
INDUCTANCE 
(ESL) 


The pure inductance 
component 
of a capacitor 
(see Figure 
17). 
The 
amount 
of inductance 
is determined 
to a large 
extent 
on the capacitor's 
construction. 
In a buck 
regulator, 


this unwanted 
inductance 
causes 
voltage 
spikes 
to appear 
on the output. 
• 


Definition of Terms 
(Continued) 


OUTPUT 
RIPPLE 
VOLTAGE 


The AC component 
of the switching 
regulator's 
output 
volt- 
age. 
It is usually 
dominated 
by the output 
capacitor's 
ESR 


multiplied 
by the inductor's 
ripple current 
(1lIIND)' The peak- 


to-peak 
value 
of this sawtooth 
ripple current 
can be deter- 
mined by reading 
the Inductor 
Ripple Current 
section 
of the 


Application 
hints. 


CAPACITOR 
RIPPLE CURRENT 


RMS value 
of the maximum 
allowable 
alternating 
current 
at 


which 
a capacitor 
can be operated 
continuously 
at a speci- 


fied temperature. 


STANDBY 
QUIESCENT 
CURRENT 
(ISTBY) 


Supply current 
required 
by the LM2574 
when 
in the standby 


mode 
(ON/OFF 
pin is driven to TTL-high 
voltage, 
thus turn- 
ing the output 
switch 
OFF). 


INDUCTOR 
RIPPLE 
CURRENT 
(1lIINO) 


The 
peak-to-peak 
value 
of the 
inductor 
current 
waveform, 


typically 
a sawtooth 
waveform 
when the regulator 
is operat- 


ing in the continuous 
mode 
(vs. discontinuous 
mode). 


CONTINUOUS/DISCONTINUOUS 
MODE OPERATION 


Relates 
to the inductor 
current. 
In the continuous 
mode, the 


inductor 
current 
is always 
flowing 
and never 
drops 
to zero, 


vs. 
the 
discontinuous 
mode, 
where 
the 
inductor 
current 


drops 
to zero for a period 
of time 
in the 
normal 
switching 


cycle. 


INDUCTOR 
SATURATION 


The 
condition 
which 
exists 
when 
an inductor 
cannot 
hold 


any 
more 
magnetic 
flux. 
When 
an inductor 
saturates, 
the 


inductor 
appears 
less inductive 
and the resistive 
component 


dominates. 
Inductor 
current 
is then 
limited 
only 
by the 
DC 
resistance 
of the wire and the available 
source 
current. 


OPERATING 
VOLT MICROSECOND 
CONSTANT 
(E-Top) 


The product 
(in Volt-/Ls) 
of the voltage 
applied 
to the induc- 
tor and the time the voltage 
is applied. 
This E-Top constant 
is a measure 
of the energy 
handling 
capability 
of an inductor 


and is dependent 
upon the type of core, the core area, the 


number 
of turns, 
and the duty cycle. 


f}1National 
Semiconductor 


LM 1575/LM 1575HV /LM2575/LM2575HV 
Series 
SIMPLE SWITCHER® 1A Step-Down Voltage Regulator 


General Description 


The 
LM2575 
series 
of regulators 
are monolithic 
integrated 
circuits 
that provide 
all the active 
functions 
for a step-down 
(buck) switching 
regulator, 
capable 
of driving a 1A load with 
excellent 
line and load regulation. 
These 
devices 
are avail- 
able in fixed output 
voltages 
of 3.3V, 5V, 12V, 15V, and an 
adjustable 
output 
version. 


Requiring 
a 
minimum 
number 
of 
external 
components, 
these 
regulators 
are simple 
to use and include 
internal 
fre- 
quency 
compensation 
and a fixed-frequency 
oscillator. 


The LM2575 
series 
offers 
a high-efficiency 
replacement 
for 
popular 
three-terminal 
linear 
regulators. 
It substantially 
re- 
duces 
the size of the heat sink, and in many cases 
no heat 
sink is required. 


A standard 
series 
of inductors 
optimized 
for use with 
the 
LM2575 
are available 
from 
several 
different 
manufacturers. 
This 
feature 
greatly 
simplifies 
the 
design 
of 
switch-mode 
power 
supplies. 


Other features 
include a guaranteed 
± 4 % tolerance 
on out- 
put voltage 
within 
specified 
input voltages 
and output 
load 
conditions, 
and 
± 10% on the oscillator 
frequency. 
External 
shutdown 
is included, 
featuring 
50 /LA (typical) 
standby 
cur- 
rent. The output 
switch 
includes 
cycle-by-cycle 
current 
limit- 
ing, as well 
as thermal 
shutdown 
for full 
protection 
under 
fault conditions. 


7V 
- 
'OV(60V) 
UNREGULATED 


DC INPUT 


>VIN 
LM2575/ 
LM2575HV 
-5.0 
c;, 
1100pr 


3.3V, R2 ~ 
1.7k 
5V, R2 - 
3.1k 
12V, R2 = 8.84k 
15V, R2 ~ 
11.3k 
For ADJ. Version 
R1 ~ Open, R2 ~ on 


Features 


• 
3.3V, 5V, 12V, 15V, and adjustable 
output 
versions 


• 
Adjustable 
version 
output 
voltage 
range, 
1.23V to 37V (57V for HV version) 
±4% 
max over 
line and load conditions 


• 
Guaranteed 
1A output 
current 


• 
Wide 
input voltage 
range, 
40V up to GOV 
for HV version 


• 
Requires 
only 4 external 
components 


• 
52 kHz fixed frequency 
internal 
oscillator 


• 
TIL 
shutdown 
capability, 
low power 
standby 
mode 


• 
High efficiency 
• 
Uses readily 
available 
standard 
inductors 


• 
Thermal 
shutdown 
and current 
limit protection 


• 
P+ 
Product 
Enhancement 
tested 


Applications 


• 
Simple 
high-efficiency 
step-down 
(buck) 
regulator 


• 
Efficient 
pre-regualtor 
for linear regulators 


• 
On-card 
switching 
regulators 


• 
Positive 
to negative 
converter 
(Buck-Boost) 


II 
+5V 
REGULAT£D 


OUTPUT 
01330 pH + 
CollY 
1 A load 


11'45819 I330.ur 
• 


Absolute 
Maximum 
Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Minimum 
ESD Rating 


please 
contact 
the 
National 
Semiconductor 
Sales 
(C = 100 pF, R = 1.5 kfl) 
2 kV 


Office/Distributors 
for 
availability 
and 
specifications. 
Lead Temperature 


Maximum 
Supply 
Voltage 
(Soldering, 
10 sec.) 
260'C 


LM1575/LM2575 
45V 
Maximum 
Junction 
Temperature 
150'C 
LM1575HV 
/LM2575HV 
63V 


ON/OFF 
Pin Input Voltage 
-0.3V';; 
V,;; 
+VIN 
Operating 
Ratings 


Output 
Voltage 
to Ground 
Temperature 
Range 


(Steady State) 
-w 
LM1575/LM1575HV 
-55'C';; 
TJ';; 
+ 150'C 


Power Dissipation 
Internally 
Limited 
LM2575/LM2575HV 
-40'C';; 
TJ';; 
+ 125'C 


Storage 
Temperature 
Range 
- 65'C to + 150'C 
Supply 
Voltage 
LM1575/LM2575 
40V 
LM1575HV 
/LM2575HV 
60V 


LM1575-3.3, 
LM1575HV-3.3, 
LM2575-3.3, 
LM2575HV-3.3 
Electrical 
Characteristics 
Specifications 
with standard 
type face are for TJ = 25'C, and those with boldface 
type 
apply over full 
Operating 
Temperature 
Range. 


LM1575-3.3 
LM2575-3.3 
LM1575HV-3.3 
LM2575HV-3.3 
Units 
Symbol 
Parameter 
Conditions 
Typ 
(Limits) 
Limit 
Limit 
(Note 
2) 
(Note 
3) 


SYSTEM 
PARAMETERS 
(Note 4) Test Circuit Figure 2 


VOUT 
Output Voltage 
VIN = 12V,ILOAD = 0.2A 
3.3 
V 
Circuit of Figure 2 
3.267 
3.234 
V(Min) 
3.333 
3.366 
V(Max) 


VOUT 
Output Voltage 
4.75V 
,;; VIN ,;; 40V, 0.2A ,;; iLOAD ,;; 1A 
3.3 
V 


LM1575/LM2575 
Circuit of Figure 2 
3.200/3.168 
3.168/3.135 
V(Min) 
3.400/3.432 
3.432/3.465 
V(Max) 


VOUT 
Output Voltage 
4.75V 
,;; VIN ,;; 60V, 0.2A ,;; ILOAD ,;; 1A 
3.3 
V 
LM1575HV 
/LM2575HV 
Circuit of Figure 2 
3.200/3.168 
3.168/3.135 
V(Min) 
3.416/3.450 
3.450/3.482 
V(Max) 


"1 
Efficiency 
VIN = 12V, ILOAD = 1A 
- 
75 
% 


LM1575-5.0, 
LM1575HV-5.0, 
LM2575-5.0, 
LM2575HV-5.0 
Electrical 
Characteristics 
Specifications 
with standard 
type face are for TJ = 25'C, 
and those with boldface 
type 
apply over full 
Operating 
Temperature 
Range. 


LM1575-5.0 
LM2575-5.0 
LM1575HV-5.0 
LM2575HV-5.0 
Units 
Symbol 
Parameter 
Conditions 
Typ 
(Limits) 
Limit 
Limit 
(Note 
2) 
(Note 
3) 


SYSTEM 
PARAMETERS 
(Note 4) Test Circuit Figure 2 


VOUT 
Output Voltage 
VIN = 12V,ILOAD = 0.2A 
5.0 
V 
Circuit of Figure 2 
4.950 
4.900 
V(Min) 
5.050 
5.100 
V(Max) 


VOUT 
Output Voltage 
0.2A';; 
lLOAD ,;; 1A,' 
5.0 
V 
LM1575/LM2575 
8V,;; 
VIN';; 
40V 
4.850/4.800 
4.800/4.750 
V(Min) 
Circuit of Figure 2 
5.150/5.200 
5.200/5.250 
V(Max) 


VOUT 
Output Voltage 
0.2A ,;; iLOAD ,;; 1A, 
5.0 
V 
LM 1575HV /LM2575HV 
8V,;; 
VIN';; 
60V 
4.850/4.800 
4.800/4.750 
V(Min) 


Circuit of Figure 2 
5.175/5.225 
5.225/5.275 
V(Max) 


"1 
Efficiency 
VIN = 12V, iLOAD = 1A 
77 
% 


t 


LM1575-12, 
LM1575HV-12, 
LM2575-12, 
LM2575HV-12 
Electrical Characteristics 
Specifications 
with standard 
type face are for TJ = 25°C, and those with boldface 


type apply over full Operating Temperature Range. 


LM1575·12 
LM2575-12 
LM1575HV-12 
LM2575HV-12 
Units 
Symbol 
Parameter 
Conditions 
Typ 
(limits) 
Limit 
Limit 
(Note 
2) 
(Note 
3) 


SYSTEM 
PARAMETERS 
(Note 4) Test Circuit Figure 2 


VOUT 
Output Voltage 
VIN = 25V, ILOAD = 0.2A 
12 
V 


Circuit of Figure 2 
11.88 
11.76 
V(Min) 


12.12 
12.24 
V(Max) 


VOUT 
Output Voltage 
0.2A';; 
ILOAD ,;; 1A, 
12 
V 
LM1575/LM2575 
15V ,;; VIN ,;; 40V 
11.64/11.52 
11.52/11.40 
V(Min) 


Circuit of Figure 2 
12.36/12.48 
12.48/12.60 
V(Max) 


VOUT 
Output Voltage 
0.2A';; 
ILOAD ,;; 1A, 
12 
V 
LM1575HV 
/LM2575HV 
15V ,;; VIN ,;; 60V 
11.64/11.52 
11.52/11.40 
V(Min) 


Circuit of Figure 2 
12.42/12.54 
12.54/12.66 
V(Max) 


'Ij 
Efficiency 
VIN = 15V, ILOAD = 1A 
88 
% 


LM1575-15, 
LM1575HV-15, 
LM2575-15, 
LM2575HV-15 
Electrical Characteristics 
Specifications 
with standard 
type face are for TJ = 25°C, and those with boldface 
type apply over full Operating Temperature Range. 


LM1575-15 
LM2575·15 


Symbol 
Conditions 
LM1575HV·15 
LM2575HV-15 
Units 
Parameter 
Typ 
(Limits) 
Limit 
Limit 


(Note 
2) 
(Note 
3) 


SYSTEM 
PARAMETERS 
(Note 4) Test Circuit Figure 2 


VOUT 
Output Voltage 
VIN = 30V, ILOAD = 0.2A 
15 
V 


Circuit of Figure 2 
14.85 
14.70 
V(Min) 


15.15 
15.30 
V(Max) 


VOUT 
Output Voltage 
0.2A';; 
ILOAD';; 
1A, 
15 
V 
LM1575/LM2575 
18V ,;; VIN ,;; 40V 
14.55/14.40 
14.40/14.25 
V(Min) 


Circuit of Figure 2 
15.45/15.60 
15.60/15.75 
V(Max) 


VOUT 
Output Voltage 
0.2A';; 
ILOAD ,;; 1A, 
15 
V 
LM 1575HV /LM2575HV 
18V ,;; VIN ,;; 60V 
14.55/14.40 
14.40/14.25 
V(Min) 


Circuit of Figure 2 
15.525/15.675 
15.68/15.83 
V(Max) 


'Ij 
Efficiency 
VIN = 18V, ILOAD = 1A 
88 
% 


LM1575-ADJ, 
LM1575HV-ADJ, 
LM2575-ADJ, 
LM2575HV-ADJ 
Electrical Characteristics 
Specifications 
with standard 
type face are for TJ = 25°C, and those 
with boldface type apply over full Operating Tem- 


perature Range. 


LM1575-ADJ 
LM2575-ADJ 


Symbol 
Parameter 
Conditions 
Typ 
LM1575HV-ADJ 
LM2575HV-ADJ 
Units 


limit 
Limit 
(Limits) 


(Note 
2) 
(Note 
3) 


SYSTEM 
PARAMETERS 
(Note 4) Test Circuit Figure 2 


VOUT 
Feedback 
Voltage 
VIN = 12V, ILOAD = 0.2A 
1.230 
V 


VOUT = 5V 
1.217 
1.217 
V(Min) 


Circuit of Figure 2 
1.243 
1.243 
V(Max) 


VOUT 
Feedback 
Voltage 
0.2A';; 
ILOAD ,;; 1A, 
1.230 
V 
LM1575/LM2575 
8V,;; 
VIN';; 
40V 
1.205/1.193 
1.193/1.180 
V(Min) 


VOUT = 5V, Circuit of Figure 2 
1.255/1.267 
1.267/1.280 
V(Max) 


VOUT 
Feedback 
Voltage 
0.2A';; 
ILOAD ,;; 1A, 
1.230 
V 
LM1575HV 
/LM2575HV 
8V,;; 
VIN';; 
60V 
1.205/1.193 
1.193/1.180 
V(Min) 


VOUT = 5V, Circuit of Figure 2 
1.261/1.273 
1.273/1.286 
V(Max) 


'Ij 
Efficiency 
VIN = 12V, ILOAD = 1A, VOUT = 5V 
77 
% • 


All Output Voltage Versions 
Electrical Characteristics 
Specifications 
with standard 
type face are for TJ = 25'C, 
and those 
with boldface 
type 
apply 
over 
full 
Operating 
Temperature 
Range. 
Unless 
otherwise 
specified, 
VIN = 
12V for the 
3.3V, 
5V, and 
Adjustable 
version, 
VIN = 25V for the 12V version, 
and VIN = 30V for the 15V version. 
ILOAD = 200 mA. 


LM1575-XX 
LM2575-XX 
LM1575HV-XX 
LM2575HV-XX 
Units 
Symbol 
Parameter 
Conditions 
Typ 
Limit 
Limit 
(Limits) 


(Note 
2) 
(Note 
3) 


DEVICE 
PARAMETERS 


Ib 
Feedback 
Bias Current 
VOUT = 5V (Adjustable 
Version 
Only) 
50 
100/500 
100/500 
nA 


fa 
Oscillator 
Frequency 
(Note 13) 
52 
kHz 
47/43 
47/42 
kHz(Min) 
58/62 
58/63 
kHz(Max) 


VSAT 
Saturation 
Voltage 
lOUT = 1A (Note 5) 
0.9 
V 
1.2/1.4 
1.2/1.4 
V(Max) 


DC 
Max Duty Cycle (ON) 
(Note 6) 
98 
% 
93 
93 
%(Min) 


ICl 
Current 
Limit 
Peak Current 
(Notes 
5 and 13) 
2.2 
A 
1.7/1.3 
1.7/1.3 
A(Min) 
3.0/3.2 
3.0/3.2 
A(Max) 


Il 
Output 
Leakage 
Current 
(Notes 
7 and 8) 
Output = OV 
2 
2 
mA(Max) 
Output = -1V 
7.5 
mA 
Output = -1V 
30 
30 
mA(Max) 


10 
Quiescent 
Current 
(Note 7) 
5 
mA 
10/12 
10 
mA(Max) 


ISTBY 
Standby 
Quiescent 
ON/OFF 
Pin = 5V (OFF) 
50 
fJ-A 
Current 
200/500 
200 
fJ-A(Max) 


IJJA 
Thermal 
Resistance 
K Package, 
Junction 
to Ambient 
35 


IJJC 
K Package, 
Junction 
to Case 
1.5 


IJJA 
T Package, 
Junction 
to Ambient 
(Note 9) 
65 


IJJA 
T Package, 
Junction 
to Ambient 
(Note 10) 
45 
'C/W 
IJJC 
T Package, 
Junction 
to Case 
2 
IJJA 
N Package, 
Junction 
to Ambient 
(Note 11) 
85 
IJJA 
M Package, 
Junction 
to Ambient 
(Note 11) 
100 
IJJA 
S Package, 
Junction 
to Ambient 
(Note 12) 
37 


ON/OFF 
CONTROL 
Test Circuit Figure 2 


VIH 
ON/OFF 
Pin Logic 
VOUT = OV 
1.4 
2.2/2.4 
2.2/2.4 
V(Min) 


Vil 
Input Level 
VOUT = Nominal 
Output Voltage 
1.2 
1.0/0.8 
1.0/0.8 
V(Max) 


IIH 
ON/OFF 
Pin Input 
ON/OFF 
Pin = 5V (OFF) 
12 
fJ-A 
Current 
30 
30 
fJ-A(Max) 


III 
ON/OFF 
Pin = OV (ON) 
0 
fJ-A 
10 
10 
fJ-A(Max) 


Note 
1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 
intended 
to be functional, 
but do not guarantee 
specific performance 
limits. For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 


Note 2: All limits guaranteed 
at room temperature 
(standard type face) and at temperature 
extremes 
(bold 
type 
face). 
Aillimts 
are used to calculate 
Average 
Outgoing Quality Leel, and all are 100% production 
tested. 


Note 3: All limits guaranteed 
at room temperature 
(standard type face) and at temperature 
extremes 
(bold 
type 
face). 
All room temperature 
limits are 100% 
production 
tested. All limits at temperature 
extremes 
are guaranteed 
via correlation 
using standard Statistical 
Quality Control (SQC) methods. 


Note 
4: External 
components 
such as the catch 
diode, inductor, 
input and output capacitors 
can affect 
switching 
regulator 
system 
performance. 
When the 
LM1575/LM2575 
is used as shown in the Figure 2 test circuit, system performance 
will be as shown in system parameters 
section of Electrical Characteristics. 


Note 5: Output (pin 2) sourcing current. No diode, inductor or capacitor 
connected 
to output pin. 


Note 6: Feedback 
(pin 4) removed from output and connected 
to OV. 


Note 7: Feedback 
(pin 4) removed from output and connected 
to + 12V for the Adjustable, 
3.3V, and 5V versions, and +25V for the 12V and 15V versions, to 
force the output transistor OFF. 


Note 8: VIN = 40V (60V for the high voltage version). 


Electrical Characteristics 
(Notes) (Continued) 


Note 9: Junction to ambient thermal resistance 
(no external heat sink) for the 5 lead TO-220 package mounted vertically, with % inch leads in a socket, or on a PC 


board with minimum copper ares. 


Note 10: Junction to ambient thermal resistance 
(no external heat sink) for the 5 lead TO-220 package 
mounted vertically. with % inch leads soldered 
to a PC 
board containing 
approximately 
4 square inches of copper area surrounding 
the leads. 


Note 
11: Junction 
to ambient 
thermal resistance 
with approxmiately 
1 square inch of pc board copper surrounding 
the leads. Additional 
copper areB will lower 
thermal resistance 
further. See thermal model in Switchers 
made Simple software. 


Note 12: If the TO-263 package is used, the thermal resistance can be reduced by increasing the PC board copper area thermally connected 
to the package: Using 


0.5 square inches of copper area, 8JA is 50°C/W; 
with 1 square inch of copper area, 8JA is 3rC/W; 
and with 1.6 or more square inches of copper area, 8JA is 
3Z>C/W. 


Note 13: The oscillator frequency reduces to approximately 
18 kHz in the event of an output short or an overload which causes the regulated output voltage to drop 
approximately 
40% from the nominal output voltage. This self protection 
feature lowers the average power dissipation of the IC by lowering the minimum duty cycle 
from 5% down to approximately 
2%. 


Note 
14: ReIer 
10 RETS 
LM1575K. 
LM1575HVK 
for current 
revision 
01 military 
RETS/SMD. 


Typical Performance Characteristics 
(Circuit of Figure 2) 
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TLIH/11475-3 
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Oscillator Frequency 
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Typical Performance 
Characteristics 
(Circuit of Figure 2 )(Continued) 


Switching Waveforms 


As in any switching regulator, layout is very important. Rap- 
idly switching currents associated with wiring inductance 
generate voltage transients which can cause problems. For 
minimal inductance and ground loops, the length of the 
leads indicated by heavy lines should be kept as short as 
possible. Single-point grounding (as indicated) or ground 
plane construction should be used for best results. When 
using the Adjustable version, physically locate the program- 
ming resistors near the regulator, to keep the sensitive feed- 
back wiring short. 
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A: Output Pin Voltage, 
10V/div 


B: Output Pin Current, 1A1div 


C: Inductor Current, O.5A/div 


D: Output Ripple Voltage, 20 mVldiv, 


AC-Coupled 


Horizontal 
Time Base: 5 j.Ls/dlv 


C,N - 
100 p.F, 75V, Aluminum 
Electrolytic 


GoUT - 
330 p.F, 25V, Aluminum 
Electrolytic 


D1- 
Schottky, 
110006 


L1 - 
330 p.H, PE-52627 (for 5V in, 3.3V ou~ 


use 100 p.H, PE-921 08) 


VOUT ~ VREF (1 +1*) 


R2 - 
R1 (VOUT - 
1 ) 
VREF 


where VAEF = 1.23V, R1 between 1k and 5k. 


Rl- 
2k, 0.1% 


R2- 
6.12k, 0.1% 
• 


LM2575 Series Buck Regulator Design Procedure 


PROCEDURE 
(Fixed 
Output 
Voltage 
Versions) 
EXAMPLE 
(Fixed 
Output 
Voltage 
Versions) 


Given: 
Given: 


VOUT = Regulated 
Output Voltage 
(3.3V, 5V, 12V, or 15V) 
VOUT = 5V 
VIN(Max) = Maximum 
Input Voltage 
VIN(Max) = 20V 


ILOAD(Max) = Maximum 
Load Current 
ILOAD(Max) = 0.8A 


1. 
Inductor 
Selection 
(L 1) 
1. 
Inductor 
Selection 
(L 1) 


A. Select the correct 
Inductor 
value selection 
guide from 
A. Use the selection 
guide shown 
in Figure 4. 


Figures 
3, 4, 5, or 6. (Output voltages 
of 3.3V, 5V, 12V or 
B. From the selection 
guide, the inductance 
area 
15V respectively). 
For other output voltages, 
see the 
intersected 
by the 20V line and 0.8A line is L330. 
design 
procedure 
for the adjustable 
version. 
C. Inductor 
value required 
is 330 /LH. From the table in 
B. From the inductor 
value selection 
guide, identify the 
Figure 9, choose 
AlE 415-0926, 
Pulse Engineering 
inductance 
region intersected 
by VIN(Max) and 
PE-52627, 
or RL 1952. 
ILOAD(Max), and note the inductor 
code for that region. 


C. Identify the inductor 
value from the inductor 
code, and 
select an appropriate 
inductor 
from the table shown 
in 
Figure 9. Part numbers 
are listed for three inductor 
manufacturers. 
The inductor 
chosen 
must be rated for 
operation 
at the LM2575 
switching 
frequency 
(52 kHz) and 
for a current 
rating of 1.15 x 
ILOAD. For additional 
inductor 
information, 
see the inductor 
section 
in the 
Application 
Hints section 
of this data sheet. 


2. 
Output 
Capacitor 
Selection 
(COUT) 
2. 
Output 
Capacitor 
Selection 
(COUT) 
A. The value of the output capacitor 
together 
with the 
A. COUT = 100 /LF to 470 /LF standard 
aluminum 
inductor 
defines 
the dominate 
pole-pair 
of the switching 
electrolytic. 
regulator 
loop. For stable operation 
and.an acceptable 
B. Capacitor 
voltage 
rating = 20V. 
output 
ripple voltage, 
(approximately 
1% of the output 
voltage) 
a value between 
100 /LF and 470 /LF is 
recommended. 


B. The capacitor's 
voltage 
rating should 
be at least 1.5 
times greater 
than the output voltage. 
For a 5V regulator, 
a rating of at least 8V is appropriate, 
and a 1OV or 15V 
rating is recommended. 


Higher voltage 
electrolytic 
capacitors 
generally 
have lower 
ESR numbers, 
and for this reasion 
it may be necessary 
to 
select 
a capacitor 
rated for a higher voltage 
than would 
normally 
be needed. 
3. 
Catch 
Diode 
Selection 
(01) 
3. 
Catch 
Diode 
Selection 
(01) 
A. The catch-diode 
current 
rating must be at least 1.2 
A. For this example, 
a 1A current 
rating is adequate. 


times greater 
than the maximum 
load current. 
Also, if the 
B. Use a 30V 1N5818 
or SR103 
Schottky 
diode, or any of 
power supply design 
must withstand 
a continuous 
output 
the suggested 
fast-recovery 
diodes 
shown 
in Figure 8. 
short, the diode should 
have a current 
rating equal to the 
maximum 
current 
limit of the LM2575. 
The most stressful 
condition 
for this diode is an overload 
or shorted 
output 
condition. 


B. The reverse 
voltage 
rating of the diode should 
be at 
least 1.25 times the maximum 
input voltage. 


4. 
Input 
Capacitor 
(CIN) 
4. 
Input 
Capacitor 
(C,N) 
An aluminum 
or tantalum 
electrolytic 
bypass capacitor 
A 47 /LF, 25V aluminum 
electrolytic 
capacitor 
located 
near 
located 
close to the regulator 
is needed 
for stable 
the input and ground 
pins provides 
sufficient 
bypassing. 
operation. 


LM2575 Series Buck Regulator Design Procedure 
(Continued) 


INDUCTOR 
VALUE 
SELECTION 
GUIDES 
(For Continuous 
Mode Operation) 
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• 


Given: 


VOUT = Regulated 
Output Voltage 


VIN(Max) 
= 
Maximum 
Input Voltage 


'LOAO(Max) 
= Maximum 
Load Current 
F = Switching 
Frequency 
(Fixed at 52 kHz) 


1. 
Programming 
Output 
Voltage 
(Selecting 
Rl 
and R2, as 


shown 
in Figure 2) 


Use the following 
formula 
to select the appropriate 


resistor 
values. 


VOUT = VREF (1 + :~) 
where VREF = 
1.23V 


R1 can be between 
1k and 5k. (For best temperature 


coefficient 
and stability 
with time, use 1% metal film 


resistors) 


R2 = R1 (VOUT 
-1) 
VREF 


Inductor 
Selection 
(L 1) 


A. Calculate 
the inductor 
Volt - microsecond 
constant, 


E - T (V - ",s), from the following 
formula: 


VOUT 
1000 
E-T 
= 
(VIN - 
VOUT)-----. 
--(V- 
",s) 
VIN 
F (mkHz) 


B. Use the E - T value from the previous 
formula 
and 


match it with the E - T number 
on the vertical 
axis of the 


Inductor 
Value 
Selection 
Guide 
shown 
in Figure 
7. 


C. On the horizontal 
axis, select the maximum 
load 


current. 


D. Identify the inductance 
region intersected 
by the E - T 


value and the maximum 
load current 
value, and note the 


inductor 
code for that region. 


E. Identify the inductor 
value from the inductor 
code, and 


select 
an appropriate 
inductor 
from the table shown in 


Figure 9. Part numbers 
are listed for three inductor 


manufacturers. 
The inductor 
chosen 
must be rated for 


operation 
at the LM2575 
switching 
frequency 
(52 kHz) 


and for a current 
rating of 1.15 x ILOAO. For additional 


inductor 
information, 
see the inductor 
section 
in the 


application 
hints section 
of this data sheet. 


A. The value of the output capacitor 
together 
with the 


inductor 
defines 
the dominate 
pole-pair 
of the switching 
regulator 
loop. For stable operation, 
the capacitor 
must 


satisfy the following 
requirement: 


VIN(Max) 
COUT;;' 
7,785 
(",F) 
VOUT - L(",H) 


The above formula 
yields capacitor 
values between 
10 ",F 


and 2000 ",F that will satisfy the loop requirements 
for 


stable operation. 
But to achieve 
an acceptable 
output 


ripple voltage, 
(approximately 
1% of the output voltage) 


and transient 
response, 
the output capacitor 
may need to 


be several 
times larger than the above formula 
yields. 


B. The capacitor's 
voltage 
rating should 
be at last 1.5 


times greater than the output voltage. 
For a 10V regulator, 
a rating of at least 15V or more is recommended. 


Higher voltage 
electrolytic 
capacitors 
generally 
have 


lower ESR numbers, 
and for this reasion 
it may be 


necessary 
to select a capacitor 
rate for a higher voltage 


than would normally 
be needed. 


EXAMPLE 
(Adjustable 
Output 
Voltage 
Versions) 


Given: 


VOUT = 
10V 


VIN(Max) 
= 25V 


ILOAO(Max) = 
lA 
F = 52 kHz 


1. 
Programming 
Output 
Voltage 
(Selecting 
Rl 
and R2) 


VOUT = 
1.23( 
1 + :~) 
Select 
Rl 
= 
lk 


R2 = Rl 
(VOUT 
-1) 
= 
lk( 
10V 
-1) 


VREF 
1.23V 


2. 
Inductor 
Selection 
(L 1) 


A. Calculate 
E - T (V - ",s) 


10 
1000 
E - T = (25 - 
10) - 25 - 52 = 
115 V - "'S 


B.E-T= 
115V-",s 


C.ILOAO(Max) 
= 
lA 


D.lnductance 
Region 
= H470 


E. Inductor 
Value 
= 470 ",H Choose 
from AlE 


part 
#430-0634, 
Pulse 
EngIneering 


part 
#PE-53118, 
orRencopart 
#RL-1961. 


3. 
Output 
Capacitor 
Selection 
(COUT) 


25 
A. COUT > 7,78510 
-150 
= 
130 ",F 


However, 
for acceptable 
output 
ripple voltage 
select 


COUT;;' 
220 ",F 
COUT = 220 ",F electrolytic 
capacitor 


PROCEDURE 
(Adjustable 
Output 
Voltage 
Versions) 
EXAMPLE 
(Adjustable 
Output 
Voltage 
Versions) 


4. 
Catch 
Diode 
Selection 
(01) 
4. 
Catch 
Diode 
Selection 
(01) 


A. The catch-diode 
current 
rating must be at least 1.2 
A. For this example, 
a 3A current 
rating is adequate. 
times greater 
than the maximum 
load current. 
Also, if the 
B. Use a 40V MBR340 
or 31 0004 
Schottky 
diode, or any of the 


power supply design 
must withstand 
a continuous 
output 
suggested 
fast-recovery 
diodes 
in Figure 8. 


short, the diode should 
have a current 
rating equal to the 


maximum 
current 
limit of the LM2575. 
The most stressful 


condition 
for this diode is an overload 
or shorted 
output. 


See diode selection 
guide in Figure 8. 
B. The reverse 
voltage 
rating of the diode should 
be at 


least 1.25 times the maximum 
input voltage. 


5. 
Input 
Capacitor 
(CIN) 
5. 
Input 
Capacitor 
(CIN) 


An aluminum 
or tantalum 
electrolytic 
bypass capacitor 
A 100 I'-F aluminum 
electrolytic 
capacitor 
located 
near the input 
located 
close to the regulator 
is needed 
for stable 
and ground 
pins provides 
sufficient 
bypassing. 


operation. 


To further simplify the buck regulator 
design procedure, National Semicon- 
ductor is making available computer 
design software to be used with the 
Simple Switcher line of switching regu- 
lators. Switchers 
Made SImple 
(ver- 


sion 3.3) is available on a (3~') 
disk- 
ette for IBM compatible computers 
from a National Semiconductor sales 
office in your area. 


VR 
Schottky 
Fast Recovery 


1A 
3A 
1A 
3A 


20V 
1N5817 
1N5820 
MBR120P 
MBR320 
SR102 
SR302 


30V 
1N5818 
1N5821 
MBR130P 
MBR330 
110003 
310003 
The following 
The following 


SR103 
SR303 
diodes 
are all 
diodes 
are all 


40V 
1N5819 
IN5822 
rated to 100V 
rated to 100V 


MBR140P 
MBR340 
110004 
310004 
11OF1 
310F1 
SR104 
SR304 
MUR110 
MUR0310 


50V 
MBR150 
MBR350 
HER102 
HER302 


110005 
310005 
SR105 
SR305 


60V 
MBR160 
MBR360 
110006 
310006 
SR106 
SR306 


Inductor 
Inductor 
Schott 
Pulse 
Eng. 
Renco 


Code 
Value 
(Note 
1) 
(Note 
2) 
(Note 
3) 


L100 
100I'-H 
67127000 
PE-92108 
RL2444 


L150 
150I'-H 
67127010 
PE-53113 
RL1954 


L220 
22Ol'-H 
67127020 
PE-52626 
RL1953 


L330 
330I'-H 
67127030 
PE-52627 
RL1952 


L470 
470I'-H 
67127040 
PE-53114 
RL1951 


L680 
68Ol'-H 
67127050 
PE-52629 
RL1950 


H150 
15Ol'-H 
67127060 
PE-53115 
RL2445 


• 
H220 
220I'-H 
67127070 
PE-53116 
RL2446 


.. 
H330 
33Ol'-H 
67127080 
PE-53117 
RL2447 


H470 
470I'-H 
67127090 
PE-53118 
RL1961 


H680 
680I'-H 
67127100 
PE-53119 
RL1960 


H1000 
1OO0I'-H 
67127110 
PE-53120 
RL1959 


H1500 
1500I'-H 
67127120 
PE-53121 
RL1958 


H2200 
2200I'-H 
67127130 
PE-53122 
RL2448 


Nole 
1: Schott Corp .• (612) 475-1173, 
1000 Parkers Lake Rd., Wayzata, MN 55391. 


Nole 
2: Pulse Engineering, 
(619) 674-8100, 
P.O. Box 12236, San Diego, CA 92112. 


Nole 3: Renco Electronics 
Inc., (516) 586-5566, 60 Jeffryn Blvd. East, Deer Park, NY 11729. 


FIGURE 
9. Inductor 
Selection 
by Manufacturer's 
Part Number 
• 


Application 
Hints 


INPUT CAPACITOR 
(CIN) 


To 
maintain 
stability, 
the 
regulator 
input 
pin must 
be by- 
passed 
with at least a 47 JLF electrolytic 
capacitor. 
The ca- 
pacitor's 
leads 
must 
be kept 
short, 
and 
located 
near 
the 
regulator. 


If the 
operating 
temperature 
range 
includes 
temperatures 
below 
- 25'C, 
the 
input 
capacitor 
value 
may 
need 
to 
be 
larger. 
With 
most 
electrolytic 
capacitors, 
the 
capacitance 
value decreases 
and the ESR increases 
with lower temper- 
atures 
and age. Paralleling 
a ceramic 
or solid tantalum 
ca- 
pacitor 
will increase 
the regulator 
stability 
at cold tempera- 
tures. For maximum 
capacitor 
operating 
lifetime, 
the capaci- 
tor's 
RMS ripple current 
rating should 
be greater 
than 


1.2 x C~N)X ILOAD 


where 
toN = VOUT for a buck regulator 
T 
VIN 


and 
toN = I 
IViUTI 
for a buck-boost 
regulator. 


T 
VOUT + VIN 


INDUCTOR 
SELECTION 


All switching 
regulators 
have two basic modes 
of operation: 
continuous 
and discontinuous. 
The difference 
between 
the 
two types 
relates 
to the inductor 
current, 
whether 
it is flow- 
ing continuously, 
or if it drops to zero for a period 
of time in 
the normal 
switching 
cycle. 
Each mode has distinctively 
dif- 
ferent 
operating 
characteristics, 
which can affect the regula- 
tor performance 
and requirements. 


The LM2575 
(or any of the Simple 
Switcher 
family) 
can be 
used for both continuous 
and discontinuous 
modes of oper- 
ation. 


The inductor 
value 
selection 
guides 
in Figures 
3 through 
7 
were designed 
for buck regulator 
designs 
of the continuous 
inductor 
current 
type. When 
using inductor 
values 
shown 
in 
the inductor 
selection 
guide, the peak-to-peak 
inductor 
rip- 
ple current 
will be approximately 
20% 
to 30% 
of the maxi- 
mum 
DC current. 
With 
relatively 
heavy 
load 
currents, 
the 
circuit 
operates 
in the 
continuous 
mode 
(inductor 
current 
always 
flowing), 
but under 
light load conditions, 
the circuit 
will be forced 
to the discontinuous 
mode 
(inductor 
current 
falls to zero for a period 
of time). This discontinuous 
mode 
of operation 
is perfectly 
acceptable. 
For 
light 
loads 
(less 
than approximately 
200 mAl it may be desirable 
to operate 
the regulator 
in the discontinuous 
mode, 
primarily 
because 
of the lower 
inductor 
values 
required 
for the discontinuous 
mode. 


The 
selection 
gUide chooses 
inductor 
values 
suitable 
for 
continuous 
mode operation, 
but if the inductor 
value chosen 
is prohibitively 
high, the designer 
should 
investigate 
the pos- 
sibility 
of 
discontinuous 
operation. 
The 
computer 
design 
software 
Swltchers 
Made 
Simple 
will 
provide 
all compo- 
nent values 
for discontinuous 
(as well as continuous) 
mode 
of operation. 


Inductors 
are available 
in different 
styles 
such as pot core, 
toriod, 
E-frame, 
bobbin 
core, 
etc., as well as different 
core 
materials, 
such as ferrites 
and powdered 
iron. The least ex- 


pensive, 
the bobbin 
core type, consists 
of wire wrapped 
on 
a ferrite 
rod core. 
This type 
of construction 
makes 
for an 
inexpensive 
inductor, 
but since the magnetic 
flux is not com- 
pletely 
contained 
within 
the core, it generates 
more electro- 
magnetic 
interference 
(EM I). This EMI can cause 
problems 
in sensitive 
circuits, 
or can 
give 
incorrect 
scope 
readings 
because 
of induced 
voltages 
in the scope 
probe. 


The inductors 
listed in the selection 
chart include 
ferrite 
pot 
core 
construction 
for AlE, 
powdered 
iron 
toroid 
for 
Pulse 
Engineering, 
and ferrite 
bobbin 
core for Renco. 


An inductor 
should 
not be operated 
beyond 
its maximum 
rated 
current 
because 
it may 
saturate. 
When 
an inductor 
begins 
to saturate, 
the 
inductance 
decreases 
rapidly 
and 
the inductor 
begins 
to look 
mainly 
resistive 
(the DC resist- 
ance 
of the winding). 
This will cause 
the switch 
current 
to 
rise very rapidly. Different 
inductor 
types have different 
satu- 
ration characteristics, 
and this should 
be kept in mind when 
selecting 
an inductor. 


The 
inductor 
manufacturer's 
data 
sheets 
include 
current 
and energy 
limits to avoid 
inductor 
saturation. 


INDUCTOR 
RIPPLE 
CURRENT 


When the switcher 
is operating 
in the continuous 
mode, the 
inductor 
current 
waveform 
ranges 
from 
a triangular 
to 
a 
saw100th 
type 
of waveform 
(depending 
on the 
input 
volt- 
age). For a given input voltage 
and output voltage, 
the peak- 
to-peak 
amplitude 
of this inductor 
current 
waveform 
remains 
constant. 
As the load current 
rises or falls, the entire 
saw- 
tooth 
current 
waveform 
also rises or falls. The average 
DC 
value 
of this waveform 
is equal 
to the DC load current 
(in 
the buck regulator 
configuration). 


If the load current 
drops 
to a low enough 
level, the bottom 
of the saw100th 
current 
waveform 
will reach 
zero, 
and the 
switcher 
will change 
to a discontinuous 
mode of operation. 


This is a perfectly 
acceptable 
mode 
of operation. 
Any buck 
switching 
regulator 
(no matter 
how large the inductor 
value 
is) will be forced 
to run discontinuous 
if the load current 
is 
light enough. 


OUTPUT 
CAPACITOR 


An output 
capacitor 
is required 
to filter 
the output 
voltage 
and 
is needed 
for loop 
stability. 
The 
capacitor 
should 
be 
located 
near the LM2575 
using short pc board traces. 
Stan- 
dard 
aluminum 
electrolytics 
are usually 
adequate, 
but 
low 
ESR types 
are recommended 
for low output 
ripple 
voltage 
and 
good 
stability. 
The 
ESR 
of 
a capacitor 
depends 
on 
many factors, 
some which 
are: the value, the voltage 
rating, 
physical 
size and the type 
of construction. 
In general, 
low 
value 
or low voltage 
(less than 
12V) electrolytic 
capacitors 
usually 
have higher 
ESR numbers. 


The amount 
of output 
ripple voltage 
is primarily 
a function 
of 
the 
ESR (Equivalent 
Series 
Resistance) 
of the output 
ca- 
pacitor 
and 
the 
amplitude 
of 
the 
inductor 
ripple 
current 
(.6.IIND). See the section 
on inductor 
ripple current 
in Appli- 
cation 
Hints. 


The lower capacitor 
values 
(220 JLF-680 
JLF) will allow typi- 
cally 50 mV to 150 mV of output 
ripple voltage, 
while larger- 
value 
capacitors 
will 
reduce 
the 
ripple 
to 
approximately 
20 mV to 50 mY. 


Output 
Ripple Voltage = (.6.IIND)(ESR of COUT) 


Application 
Hints 
(Continued) 


To further 
reduce the output 
ripple voltage, 
several 
standard 


electrolytic 
capacitors 
may be paralleled, 
or a higher-grade 


capacitor 
may 
be used. 
Such 
capacitors 
are often 
called 


"high-frequency," 
"low-inductance," 
or "Iow-ESR." 
These 


will reduce 
the output 
ripple to 10 mV or 20 mY. However, 
when 
operating 
in the continuous 
mode, 
reducing 
the ESR 


below 
0.050 
can cause 
instability 
in the regulator. 


Tantalum 
capacitors 
can have a very low ESR, and should 


be carefully 
evaluated 
if it is the only output 
capacitor. 
Be- 


cause of their good low temperature 
characteristics, 
a tanta- 


lum can be used in parallel 
with aluminum 
electrolytics, 
with 


the 
tantalum 
making 
up 10% 
or 20% 
of the total 
capaci- 


tance. 


The capacitor's 
ripple current 
rating at 52 kHz should 
be at 


least 50% 
higher than the peak-to-peak 
inductor 
ripple cur- 
rent. 
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CATCH 
DIODE 


Buck regulators 
require 
a diode to provide 
a return 
path for 


the 
inductor 
current 
when 
the 
switch 
is off. 
This 
diode 


should 
be located 
close 
to the 
LM2575 
using 
short 
leads 


and short 
printed 
circuit 
traces. 


Because 
of their fast switching 
speed 
and low forward 
volt- 


age drop, Schottky 
diodes 
provide 
the best efficiency, 
espe- 
cially 
in low output 
voltage 
switching 
regulators 
(less than 


5V). Fast-Recovery, 
High-Efficiency, 
or Ultra-Fast 
Recovery 


diodes 
are also suitable, 
but some types with an abrupt turn- 


off characteristic 
may cause instability 
and EMI problems. 
A 


fast-recovery 
diode 
with 
soft 
recovery 
characteristics 
is a 


better 
choice. 
Standard 
60 
Hz 
diodes 
(e.g., 
1N4001 
or 


1N5400, 
etc.) 
are 
also 
not 
suitable. 
See 
Figure 
8 
for 


Schottky 
and "soft" 
fast-recovery 
diode 
selection 
guide. 


OUTPUT 
VOLTAGE 
RIPPLE 
AND TRANSIENTS 


The output 
voltage 
of a sWitching 
power 
supply 
will contain 


a sawtooth 
ripple voltage 
at the switcher 
frequency, 
typically 


about 
1% of the output 
voltage, 
and may also contain 
short 


voltage 
spikes 
at the peaks 
of the sawtooth 
waveform. 


The output 
ripple voltage 
is due mainly to the inductor 
saw- 


tooth 
ripple current 
multiplied 
by the ESR of the output 
ca- 


pacitor. 
(See the inductor 
selection 
in the application 
hints.) 


The 
voltage 
spikes 
are 
present 
because 
of the 
the 
fast 


switching 
action 
of the output 
switch, 
and the parasitic 
in- 


ductance 
of the 
output 
filter 
capacitor. 
To minimize 
these 
voltage 
spikes, 
special 
low 
inductance 
capacitors 
can 
be 


used, and their 
lead lengths 
must be kept short. 
Wiring 
in- 


ductance, 
stray 
capacitance, 
as well 
as the 
scope 
probe 


used to evaluate 
these 
transients, 
all contribute 
to the am- 


plitude 
of these 
spikes. 


An additional 
small LC filter (20 J-LH& 100 J-LF)can be added 


to the output 
(as shown 
in Figure 
15) to further 
reduce 
the 


amount 
of output 
ripple and transients. 
A 10 x reduction 
in 


output 
ripple voltage 
and transients 
is possible 
with this fil- 


ter. 


FEEDBACK 
CONNECTION 


The LM2575 
(fixed voltage 
versions) 
feedback 
pin must be 


wired 
to the 
output 
voltage 
point 
of the 
switching 
power 


supply. When using the adjustable 
version, 
physically 
locate 


both output voltage 
programming 
resistors 
near the LM2575 


to avoid 
picking 
up unwanted 
noise. 
Avoid 
using 
resistors 


greater 
than 
100 kO because 
of the 
increased 
chance 
of 


noise 
pickup. 


ON/OFF 
INPUT 


For normal 
operation, 
the ON/OFF 
pin should 
be grounded 


or driven with a low-level 
TIL 
voltage 
(typically 
below 
1.6V). 


To put the regulator 
into standby 
mode, drive this pin with a 


high-level 
TIL 
or CMOS 
signal. 
The 
ON/OFF 
pin can 
be 


safely 
pulled 
up to + VIN without 
a resistor 
in series 
with it. 


The ON/OFF 
pin should 
not be left open. 


GROUNDING 


To maintain 
output 
voltage 
stability, 
the power 
ground 
con- 


nections 
must 
be low-impedance 
(see 
Figure 
2). For the 


TO-3 
style 
package, 
the 
case 
is ground. 
For 
the 
5-lead 


TO-220 
style 
package, 
both 
the tab and pin 3 are ground 


and either connection 
may be used, as they are both part of 


the same copper 
lead frame. 


With the N or M packages, 
all the pins labeled 
ground, 
pow- 


er ground, 
or signal 
ground 
should 
be soldered 
directly 
to 


wide printed 
circuit 
board 
copper 
traces. 
This assures 
both 


low inductance 
connections 
and good thermal 
properties. 


HEAT SINK/THERMAL 
CONSIDERATIONS 


In many cases, 
no heat sink is required 
to keep the LM2575 


junction 
temperature 
within the allowed 
operating 
range. For 


each 
application, 
to determine 
whether 
or not a heat 
sink 


will be required, 
the following 
must be identified: 


1. Maximum 
ambient 
temperature 
(in the application). 


2. Maximum 
regulator 
power 
dissipation 
(in application). 


3. Maximum 
allowed 
junction 
temperature 
(150'C 
for 
the 


LM1575 
or 125'C 
for the LM2575). 
For a safe, conserva- 


tive 
design, 
a temperature 
approximately 
15'C 
cooler 


than the maximum 
temperature 
should 
be selected. 


4. 
LM2575 
package 
thermal 
resistances 
8JA and 8JC. 


Total power 
dissipated 
by the LM2575 
can be estimated 
as 


follows: 


PD = (VIN) (10) + (VoNIN) 
(ILOAD) (VSAT) 


where 
10 (quiescent 
current) 
and VSAT can be found 
in the 


Characteristic 
Curves 
shown 
previously, 
VIN is the applied 


minimum 
input voltage, 
Vo is the regulated 
output 
voltage, 


and 
ILOAD is the 
load current. 
The dynamic 
losses 
during 


turn-on 
and turn-off 
are negligible 
if a Schottky 
type catch 


diode 
is used. 


Application 
Hints 
(Continued) 


When 
no heat 
sink 
is used, 
the junction 
temperature 
rise 


can be determined 
by the following: 


ATJ = (Po)(liJA) 


To arrive 
at the actual 
operating 
junction 
temperature, 
add 


the junction 
temperature 
rise to the maximum 
ambient 
tem- 
perature. 


TJ=ATJ+TA 


If the actual 
operating 
junction 
temperature 
is greater 
than 


the 
selected 
safe 
operating 
junction 
temperature 
deter- 


mined 
in step 3, then a heat sink is required. 


When 
using 
a heat sink, the junction 
temperature 
rise can 


be determined 
by the following: 


ATJ = (Po) (liJC + liinterfaee + liHeatsink) 


The operating 
junction 
temperature 
will be: 


TJ = TA + ATJ 


As above, 
if the 
actual 
operating 
junction 
temperature 
is 


greater 
than the selected 
safe operating 
junction 
tempera- 


ture, then a larger heat sink is required 
(one that has a lower 


thermal 
resistance). 


When 
using 
the 
LM2575 
in the 
plastic 
DIP (N) or surface 


mount 
(M) packages, 
several 
items about the thermal 
prop- 


erties 
of the packages 
should 
be understood. 
The majority 


of the 
heat 
is conducted 
out of the 
package 
through 
the 


leads, 
with a minor 
portion 
through 
the plastic 
parts 
of the 


package. 
Since the lead frame 
is solid copper, 
heat from the 


die 
is readily 
conducted 
through 
the 
leads 
to the 
printed 


circuit 
board 
copper, 
which 
is acting 
as a heat sink. 


For best thermal 
performance, 
the ground 
pins and all the 


unconnected 
pins should 
be soldered 
to generous 
amounts 


of 
printed 
circuit 
board 
copper, 
such 
as a ground 
plane. 
Large 
areas 
of copper 
provide 
the best transfer 
of heat to 


the 
surrounding 
air. Copper 
on both 
sides 
of the 
board 
is 


also helpful 
in getting 
the heat away from the package, 
even 


if there 
is no direct 
copper 
contact 
between 
the two sides. 
Thermal 
resistance 
numbers 
as low as 40·C/W 
for the SO 


package, 
and 30·C/W 
for the 
N package 
can be realized 


with a carefully 
engineered 
pc board. 


Included 
on the Swltchers 
Made Simple 
design software 
is 


a more precise 
(non-linear) 
thermal 
model that can be used 


to determine 
junction 
temperature 
with different 
input-output 


parameters 
or different 
component 
values. 
It can also calcu- 


late the 
heat 
sink thermal 
resistance 
reqUired 
to maintain 


the regulators 
junction 
temperature 
below the maximum 
op- 


erating 
temperature. 


+12 
TO +25V 
UNREGULATED 
DC INPUT 


c;N 
I 
'OOj.LF 
3 
GND 


Additional Applications 


INVERTING 
REGULATOR 


Figure 
10 shows 
a LM2575-12 
in a buck-boost 
configuration 
to generate 
a negative 
12V output 
from a positive 
input volt- 
age. This circuit 
bootstraps 
the regulator's 
ground 
pin to the 


negative 
output 
voltage, 
then 
by grounding 
the 
feedback 


pin, the 
regulator 
senses 
the 
inverted 
output 
voltage 
and 
regulates 
it to -12V. 


For an input voltage 
of 12V or more, the maximum 
available 


output 
current 
in this configuration 
is approximately 
0.35A. 


At lighter loads, the minimum 
input voltage 
reqUired drops to 


approximately 
4.7V. 


The 
switch 
currents 
in this 
buck-boost 
configuration 
are 


higher 
than 
in the standard 
buck-mode 
design, 
thus 
lower- 


ing the available 
output 
current. 
Also, the start-up 
input cur- 
rent of the buck-boost 
converter 
is higher than the standard 


buck-mode 
regulator, 
and this may overload 
an input power 
source 
with a current 
limit less than 
1.5A. Using a delayed 


turn-on 
or an undervoltage 
lockout 
circuit 
(described 
in the 


next section) 
would 
allow the input voltage 
to rise to a high 
enough 
level before 
the switcher 
would 
be allowed 
to turn 


on. 


Because 
of the structural 
differences 
between 
the buck and 
the buck-boost 
regulator 
topologies, 
the buck regulator 
de- 


sign 
procedure 
section 
can 
not 
be used 
to to select 
the 


inductor 
or the output 
capacitor. 
The recommended 
range 


of 
inductor 
values 
for 
the 
buck-boost 
design 
is between 


68 /LH and 220 /LH, and the output 
capacitor 
values 
must be 


larger than what 
is normally 
required 
for buck designs. 
Low 


input voltages 
or high output 
currents 
require 
a large value 


output 
capacitor 
(in the thousands 
of micro 
Farads). 


The peak inductor 
current, 
which 
is the same 
as the peak 


switch current, 
can be calculated 
from the following 
formula: 


I 
- 
ILOAo (VIN + IvoI) 
VIN IVol 
1 


P - 
VIN 
+ VIN + 
IVol x 2 L1 fose 


Where 
fose = 
52 kHz. 
Under 
normal 
continuous 
inductor 
current 
operating 
conditions, 
the 
minimum 
VIN represents 


the worst 
case. Select 
an inductor 
that is rated for the peak 


current 
anticipated. 


Also, the maximum 
voltage 
appearing 
across 
the regulator 


is the absolute 
sum of the input and output 
voltage. 
For a 
-12V 
output, 
the maximum 
input voltage 
for the LM2575 
is 


+ 28V, or + 48V for the LM2575HV. 


The Swltchers 
Made 
Simple 
(version 
3.3) design 
software 


can be used to determine 
the feasibility 
of regulator 
designs 


using different 
topologies, 
different 
input-output 
parameters, 


different 
components. 
etc. 


FEEDBACK 


4 


OUTPUT 


2 


5 
ON/OFF 


COUT 
2200 
j.LF 


-12V@0.35A 
REGULATED 
OUTPUT 


Additional Applications 
(Continued) 


NEGATIVE 
BOOST 
REGULATOR 


Another 
variation 
on the buck-boost 
topology 
is the 
nega- 


tive boost 
configuration. 
The circuit 
in Figure 
11 accepts 
an 


input 
voltage 
ranging 
from 
- 5V to 
-12V 
and 
provides 
a 


regulated 
-12V 
output. 
Input voltages 
greater 
than 
-12V 


will cause 
the output 
to rise above 
-12V, 
but will not dam- 


age the regulator. 


Because 
of the boosting 
function 
of this type of regulator, 


the switch 
current 
is relatively 
high, especially 
at low input 


voltages. 
Output 
load current 
limitations 
are a result of the 


maximum 
current 
rating of the switch. 
Also, boost regulators 


can not provide 
current 
limiting 
load protection 
in the event 


of a shorted 
load, 
so some 
other 
means 
(such 
as a fuse) 


may be necessary. 


COUT 


10001" 


low 
ESR 


Typical Load Current 


200 mA for V,N ~ 
- 5.2V 


500 mA for V,N ~ 
-7V 
-5Io-12V 


Tl/H/11475-16 


Note: Pin numbers are for TO-220 package. 


FIGURE 
11. Negative 
Boost 


UNDERVOLTAGELOCKOUT 


In some applications 
it is desirable 
to keep the regulator 
off 


until the 
input voltage 
reaches 
a certain 
threshold. 
An un- 


dervoltage 
lockout 
circuit 
which 
accomplishes 
this 
task 
is 


shown 
in Figure 
12, while Figure 
13 shows 
the same circuit 


applied 
to a buck-boost 
configuration. 
These 
circuits 
keep 


the regulator 
off until the input voltage 
reaches 
a predeter- 


mined 
level. 


VTH'" 
VZl + 2VBE (01) 


DELAYED 
STARTUP 


The ON/OFF 
pin can be used to provide 
a delayed 
startup 


feature 
as shown 
in Figure 
14. With an input voltage 
of 20V 


and for the part values 
shown, 
the circuit 
provides 
approxi- 


mately 
10 ms of delay time before 
the circuit 
begins 
switch- 
ing. Increasing 
the RC time constant 
can provide 
longer de- 


lay 
times. 
But 
excessively 
large 
RC time 
constants 
can 


cause problems 
with input voltages 
that are high in 60 Hz or 


120 Hz ripple, 
by coupling 
the ripple into the ON/OFF 
pin. 


ADJUSTABLE 
OUTPUT, 
LOW-RIPPLE 


POWER 
SUPPLY 


A 1A power 
supply 
that features 
an adjustable 
output 
volt- 
age is shown 
in Figure 
15. An additional 
L-C filter that reduc- 


es the output 
ripple 
by a factor 
of 10 or more is included 
in 


this circuit. 


Note: 
Complete 
circuit not shown. 


Note: Pin numbers are for the TO-220 package. 


Note: 
Complete 
circuit not shown (see Figure 
1OJ. 


Note: Pin numbers are for the TO-220 package. 


FIGURE 13. Undervoltage 
Lockout 
for Buck-Boost 
Circuit 


+V,N 


1 


·O.II'F 


+ 
GNli' 
iOOI"F 


Note: 
Complete 
circuit not shown. 


Note: Pin numbers are for the TO-220 package. 


• 


Note: Pin numbers are for the TO-220 package. 


FIGURE 
15. 1.2V to 55V Adjustable 
1A Power 
Supply 
with 
Low 
Output 
Ripple 


EQUIVALENT 
SERIES 
INDUCTANCE 
(ESL) 


The pure inductance 
component 
of a capacitor 
(see Figure 
16). 
The 
amount 
of inductance 
is determined 
to a large 
extent 
on the capacitor's 
construction. 
In a buck 
regulator, 
this unwanted 
inductance 
causes 
voltage 
spikes 
to appear 
on the output. 


Additional Applications 
(Continued) 


FEEDBACK 


60V 


UNREGULATED 


OC INPUT 
OUTPUT 


2 


ON/OFF 


BUCK 
REGULATOR 


A switching 
regulator 
topology 
in which 
a higher 
voltage 
is 
converted 
to a lower 
voltage. 
Also 
known 
as a step-down 
switching 
regulator. 


BUCK-BOOST 
REGULATOR 


A switching 
regulator 
topology 
in which 
a positive 
voltage 
is 


converted 
to a negative 
voltage 
without 
a transformer. 


DUTY CYCLE 
(D) 


Ratio of the output 
switch's 
on-time 
to the oscillator 
period. 


D = toN = VOUT 
T 
VIN 


for buck-boosf 
regulafor 
D = tON = 
IVai 
T 
IVai + VIN 


CATCH 
DIODE OR CURRENT 
STEERING 
DIODE 


The diode which 
provides 
a return path for the load current 
when 
the LM2575 
switch 
is OFF. 


EFFICIENCY 
("1) 


The proportion 
of input power actually 
delivered 
to the load. 


POUT 
POUT 
"1=--= 


PIN 
POUT + PLOSS 


CAPACITOR 
EQUIVALENT 
SERIES 
RESISTANCE 
(ESR) 


The purely resistive 
component 
of a real capacitor's 
imped- 
ance 
(see Figure 
16). 
It causes 
power 
loss resulting 
in ca- 


pacitor 
heating, 
which 
directly 
affects 
the capacitor's 
oper- 
ating 
lifetime. 
When 
used 
as a switching 
regulator 
output 


filter, 
higher 
ESR values 
result 
in higher 
output 
ripple volt- 
ages. 


TL/H/1147S-21 
FIGURE 
16. Simple 
Model 
of a Real Capacitor 


Most 
standard 
aluminum 
electrolytic 
capacitors 
in 
the 


100 JLF-1000 
JLF range 
have 
0.5fl 
to 0.1fl 
ESR. 
Higher- 
grade 
capacitors 
("Iow-ESR", 
"high-frequency", 
or "low-in- 
ductance"') 
in the 
100 JLF-1000 
JLF range 
generally 
have 
ESR of less than 0.15fl. 


I 
I 
I 
I 
I 
I 
i 
Ioo~ri 


I 
- 
I 
&. 
.1 


optional 
output 
ripple 
filter 


OUTPUT 
RIPPLE 
VOLTAGE 


The AC component 
of the switching 
regulator's 
output 
volt- 
age. It is usually 
dominated 
by the output 
capacitor's 
ESR 
multiplied 
by the inductor's 
ripple current 
(~IIND)' The peak- 


to-peak 
value 
of this sawtooth 
ripple 
current 
can be deter- 
mined by reading 
the Inductor 
Ripple 
Current 
section 
of the 


Application 
hints. 


CAPACITOR 
RIPPLE 
CURRENT 


RMS value of the maximum 
allowable 
alternating 
current 
at 


which 
a capacitor 
can be operated 
continuously 
at a speci- 
fied temperature. 


STANDBY 
QUIESCENT 
CURRENT 
(ISTBY) 


Supply current 
required 
by the LM2575 
when 
in the standby 
mode (ON/OFF 
pin is driven to TIL-high 
voltage, 
thus turn- 
ing the output 
switch 
OFF). 


INDUCTOR 
RIPPLE 
CURRENT 
(~IIND) 


The peak-to-peak 
value 
of the 
inductor 
current 
waveform, 


typically 
a sawtooth 
waveform 
when the regulator 
is operat- 


ing in the continuous 
mode 
(vs. discontinuous 
mode). 


CONTINUOUS/DISCONTINUOUS 
MODE OPERATION 


Relates 
to the inductor 
current. 
In the continuous 
mode, the 
inductor 
current 
is always 
flowing 
and never 
drops 
to zero, 
vs. 
the 
discontinuous 
mode, 
where 
the 
inductor 
current 
drops 
to zero 
for a period 
of time 
in the 
normal 
switching 
cycle. 


INDUCTOR 
SATURATION 


The condition 
which 
exists 
when 
an inductor 
cannot 
hold 
any more 
magnetic 
flux. 
When 
an inductor 
saturates, 
the 
inductor 
appears 
less inductive 
and the resistive 
component 
dominates. 
Inductor 
current 
is then 
limited 
only 
by the 
DC 
resistance 
of the wire and the available 
source 
current. 


OPERATING 
VOLT 
MICROSECOND 
CONSTANT 
(EeT op) 


The product 
(in VolteJLs) of the voltage 
applied 
to the induc- 
tor and the time the voltage 
is applied. 
This EeT op constant 
is a measure 
of the energy 
handling 
capability 
of an inductor 
and is dependent 
upon the type of core, the core area, the 
number 
of turns, 
and the duty cycle. 


Connection 
Diagrams 


(XX indicates 
output 
voltage 
option. 
See ordering 
information 
table for complete 
part number.) 


Straight 
Leads 
5·Lead 
TO-220 
(T) 


[ill 


Gnd 
01:===::1: E~fr{ck 
t===::::I: 2- Output 
t===:::lI-V1N 


Top View 


LM2575T·XX 
or LM2575HVT·XX 
See NS Package 
Number 
T05A 


16 


15 
V1N 


14 
GND 


13 
GND 


12 
GND 
11 
GND 
10 • 


Top View 


LM2575N-XX 
or LM2575HVN·XX 
See NS Package 
Number 
N16A 


Bent, Staggered 
Leads 
5-Lead 
TO·220 
(T) 
i'-·W' 
:- 
Feedbeck 
3- Ground 
2- Output 
1- V1N 


_ 
CPins 
1,3 
&: 5 


~Pins2&:4 


Side View 


LM2575T-XX 
Flow LB03 or LM2575HVT·XX 
Flow LB03 
See NS Package 
Number 
T05D 


PWR GND 
• 
2 


3 


4 


24 


23 


22 


21 


20 


19 


18 
OUTPUT 
17 
OUTPUT 
16 


15 


14 
V1N 


13 
V1N 


4-Lead 
TO-3 (K) 


CASE 
IS GROUND 


Bottom 
View 


LM1575K·XX 
or LM1575HVK·XX/883 
See NS Package 
Number 
K04A 


Top View 


LM2575M·XX 
or LM2575HVM-XX 
See NS Package 
Number 
M24B 


Connection 
Diagrams 
(Continued) 


(XX indicates 
output 
voltage 
option. 
See ordering 
information 
table for complete 
part number.) 


TO-263(S) 
5-Lead 
Surface-Mount 
Package 
O 


S-ON/orr 


TAB IS 
4.- 
reedba:k 
GND 
3- 
Ground 
• 


2 - 
Output 


1- 
V1N 


Side View 
LM2575S-XX 
or LM2575HVS-XX 
See NS Package 
Number 
S05A 


Package 


Type 


Ordering Information 


NSC 


Package 


Number 


5-Lead TO-220 


Straight 
Leads 


5-Lead 
TO-220 


Bent and 


Staggered 
Leads 


16-Pin Molded 


DIP 


24-Pin 


Surface 
Mount 


5-Lead TO-236 


Surface 
Mount 


Standard 


Voltage 
Rating 


(40V) 


LM2575T-3.3 


LM2575T-5.0 


LM2575T-12 


LM2575T-15 


LM2575T-ADJ 


LM2575T-3.3 
Flow LB03 


LM2575T-5.0 
Flow LB03 


LM2575T-12 
Flow LB03 


LM2575T-15 
Flow LB03 


LM2575T-ADJ 
Flow LB03 


LM2575N-5.0 


LM2575N-12 


LM2575N-15 


LM2575N-ADJ 


LM2575M-5.0 


LM2575M-12 


LM2575M-15 


LM2575M-ADJ 


LM2575S-3.3 


LM2575S-5.0 


LM2575S-12 


LM2575S-15 


LM2575S-ADJ 


LM1575K-3.3/883 


LM1575K-5.0/883 


LM1575K-12i883 


LM1575K-15/883 


LM1575K-ADJ/883 


High 


Voltage 
Rating 


(60V) 


LM2575HVT-3.3 


LM2575HVT-5.0 


LM2575HVT-12 


LM2575HVT-15 


LM2575HVT 
-ADJ 


LM2575HVT-3.3 
Flow LB03 


LM2575HVT-5.0 
Flow LB03 


LM2575HVT-12 
Flow LB03 


LM2575HVT-15 
Flow LB03 


LM2575HVT-ADJ 
Flow LB03 


LM2575HVN-5.0 


LM2575HVN-12 


LM2575HVN-15 


LM2575HVN-ADJ 


LM2575HVM-5.0 


LM2575HVM-12 


LM2575HVM-15 


LM2575HVM-ADJ 


LM2575HVS-3.3 


LM2575HVS-5.0 


LM2575HVS-12 


LM2575HVS-15 


LM2575HVS-ADJ 


LM1575HVK-3.3/883 


LM1575HVK-5.0/883 


LM1575HVK-12/883 


LM1575HVK-15/883 


LM1575HVK-ADJ/883 


Temperature 


Range 


tJ1National 
Semiconductor 


LM2576/LM2576HV 
Series 
SIMPLE SWITCHER® 3A Step-Down Voltage Regulator 


General Description 


The 
LM2576 
series 
of regulators 
are monolithic 
integrated 
circuits 
that provide 
all the active functions 
for a step-down 
(buck) 
switching 
regulator, 
capable 
of driving 
3A load with 
excellent 
line and load regulation. 
These 
devices 
are avail- 


able in fixed output 
voltages 
of 3.3V, 5V, 12V, 15V, and an 
adjustable 
output 
version. 


Requiring 
a 
minimum 
number 
of 
external 
components, 
these 
regulators 
are simple 
to use and include 
internal 
fre- 
quency 
compensation 
and a fixed-frequency 
oscillator. 


The LM2576 
series 
offers 
a high-efficiency 
replacement 
for 
popular 
three-terminal 
linear 
regulators. 
It substantially 
re- 
duces 
the size of the heat sink, and in some cases 
no heat 
sink is required. 


A standard 
series 
of inductors 
optimized 
for 
use with 
the 
LM2576 
are available 
from 
several 
different 
manufacturers. 
This 
feature 
greatly 
simplifies 
the 
design 
of 
switch-mode 
power 
supplies. 


Other features 
include 
a guaranteed 
± 4 % tolerance 
on out- 
put voltage 
within 
specified 
input voltages 
and output 
load 
conditions, 
and 
± 10% on the oscillator 
frequency. 
External 
shutdown 
is included, 
featuring 
50 JloA (typical) 
standby 
cur- 
rent. The output 
switch 
includes 
cycle-by-cycle 
current 
limit- 
ing, as well 
as thermal 
shutdown 
for full protection 
under 
fault conditions. 


7V 
- 
-40Y 


(SOY 
for 
HV) 


UNREGULATED 


DC INPUT 


+V" 
lM2576/ 


1 
lM2576HV- 
5.0 
G, 
IloOJjF 


3.3V R2 = 1.7k 
5V. R2 ~ 3.1k 
12V. R2 = 8.84k 
15V, R2 = 11.3k 
For ADJ. Version 
R1 ~ Open, R2 ~ on 


Features 


• 
3.3V, 5V, 12V, 15V, and adjustable 
output 
versions 


• 
Adjustable 
version 
output 
voltage 
range, 
1.23V to 37V (57V for HV version) 
±4% 
max over 
line and load conditions 


• 
Guaranteed 
3A output 
current 


• 
Wide 
input voltage 
range, 
40V up to 60V for 
HV version 


• 
Requires 
only 4 external 
components 


• 
52 kHz fixed frequency 
internal 
oscillator 


• 
TTL shutdown 
capability, 
low power 
standby 
mode 


• 
High efficiency 
• 
Uses readily 
available 
standard 
inductors 


• 
Thermal 
shutdown 
and current 
limit protection 


• 
P+ 
Product 
Enhancement 
tested 


Applications 


• 
Simple 
high-efficiency 
step-down 
(buck) 
regulator 


• 
Efficient 
pre-regulator 
for linear regulators 


• 
On-card 
switching 
regulators 


• 
Positive 
to negative 
converter 
(Buck-Boost) 


II 
+SV 


REGULATED 
OUTPUT 
0/00 
JlH + 
<:OUT 3,4 LOAD 


lN5822 11000JJF 
• 


Absolute 
Maximum 
Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Minimum 
ESD Rating 


please 
contact 
the 
National 
Semiconductor 
Sales 
(C = 100 pF, R = 1.5 kn) 
2kV 


Office/Distributors 
for 
availability 
and 
specifications. 
Lead Temperature 


Maximum 
Supply 
Voltage 
(Soldering, 
10 Seconds) 
260"C 


LM2576 
45V 
Maximum 
Junction 
Temperature 
150"C 
LM2576HV 
63V 


ON/OFF 
Pin Input Voltage 
-0.3V:<:; 
V:<:; +V,N 
Operating 
Ratings 


Output 
Voltage 
to Ground 
Temperature 
Range 


(Steady 
State) 
-lV 
LM2576/LM2576HV 
-40"C 
:<:;TJ :<:;+ 125"C 


Power Dissipation 
Internally 
Limited 
Supply 
Voltage 


Storage 
Temperature 
Range 
- 65"C to + 150"C 
LM2576 
40V 


LM2576HV 
60V 


LM2576-3.3, 
LM2576HV-3.3 


Electrical 
Characteristics 
Specifications 
with standard 
type face are for TJ = 25"C, and those with boldface 
type 
apply over full Operating 
Temperature 
Range. 


LM2576-3.3 
LM2576HV-3.3 
Units 
Symbol 
Parameter 
Conditions 
(Limits) 


Typ 
Limit 
(Note 
2) 


SYSTEM 
PARAMETERS 
(Note 3) Test Circuit Figure 2 


VOUT 
Output Voltage 
V,N = 12V, ILOAD = 0.5A 
3.3 
V 


Circuit of Figure 2 
3.234 
V(Min) 


3.366 
V(Max) 


VOUT 
Output Voltage 
6V :<:;V,N :<:;40V, 0.5A :<:;ILOAD :<:;3A 
3.3 
V 


LM2576 
Circuit of Figure 2 
3.168/3.135 
V(Min) 


3.432/3.465 
V(Max) 


VOUT 
Output Voltage 
6V :<:;V,N :<:;60V, 0.5A :<:;ILOAD :<:;3A 
3.3 
V 


LM2576HV 
Circuit of Figure 2 
3.168/3.135 
V(Min) 
3.450/3.482 
V(Max) 


'I 
Efficiency 
V,N = 12V,'LOAD = 3A 
75 
% 


LM2576-5.0, 
LM2576HV-5.0 


Electrical 
Characteristics 
Specifications 
with standard 
type face are for TJ = 25"C, and those with boldface 
type 
apply over full Operating 
Temperature 
Range. 


LM2576-5.0 


Symbol 
Parameter 
LM2576HV-5.0 
Units 
Conditions 
(Limits) 


Typ 
Limit 
(Note 
2) 


SYSTEM 
PARAMETERS 
(Note 3) Test Circuit Figure 2 


VOUT 
Output Voltage 
V,N = 12V, 'LOAD = 0.5A 
5.0 
V 
Circuit of Figure 2 
4.900 
V(Min) 


5.100 
V(Max) 


VOUT 
Output Voltage 
0.5A :<:;ILOAD :<:;3A, 
5.0 
V 
LM2576 
8V:<:; V,N:<:; 40V 
4.800/4.750 
V(Min) 


Circuit of Figure 2 
5.200/5.250 
V(Max) 


VOUT 
Output Voltage 
0.5A :<:;'LOAD :<:;3A, 
5.0 
V 


LM2576HV 
8V:<:; V,N:<:; 60V 
4.800/4.750 
V(Min) 


Circuit of Figure 2 
5.225/5.275 
V(Max) 


'I 
Efficiency 
VIN = 12V, ILOAD = 3A 
77 
% 


LM2576-12, 
LM2576HV-12 
Electrical Characteristics 
Specifications 
with standard 
type face are for TJ = 25'C, 
and those with boldface 


type 
apply over full Operating 
Temperature 
Range. 


LM2576·12 
LM2576HV·12 
Units 
Symbol 
Parameter 
Conditions 
(Limits) 


Typ 
Limit 
(Note 
2) 


SYSTEM 
PARAMETERS 
(Note 3) Test Circuit Figure 2 


VOUT 
Output Voltage 
VIN = 25V, ILOAD = 0.5A 
12 
V 
Circuit of Figure 2 
11.76 
V(Min) 


12.24 
V(Max) 


VOUT 
Output Voltage 
0.5A 
,:; ILOAD ,:; 3A, 
12 
V 


LM2576 
15V ,:; VIN ,:; 40V 
11.52/11.40 
V(Min) 


Circuit of Figure 2 
12.48/12.60 
V(Max) 


VOUT 
Output Voltage 
0.5A':; 
ILOAD ,:; 3A, 
12 
V 


LM2576HV 
15V,;; 
VIN ,:; 60V 
11.52/11.40 
V(Min) 


Circuit of Figure 2 
12.54/12.66 
V(Max) 


7) 
Efficiency 
VIN = 15V, ILOAD = 3A 
88 
% 


LM2576-15, 
LM2576HV-15 
Electrical Characteristics 
Specifications 
with standard 
type face are for TJ = 25'C, 
and those with boldface 


type 
apply over full Operating 
Temperature 
Range. 


LM2576·15 
LM2576HV·15 
Units 
Symbol 
Parameter 
Conditions 
(Limits) 


Typ 
Limit 
(Note 
2) 


SYSTEM 
PARAMETERS 
(Note 3) Test Circuit Figure 2 


VOUT 
Output Voltage 
VIN = 25V, ILOAD = 0.5A 
15 
V 


Circuit of Figure 2 
14.70 
V(Min) 
15.30 
V(Max) 


VOUT 
Output Voltage 
0.5A ,:; ILOAD ,:; 3A, 
15 
V 
LM2576 
18V,:; 
VIN ,:; 40V 
14.40/14.25 
V(Min) 


Circuit of Figure 2 
15.60/15.75 
V(Max) 


VOUT 
Output Voltage 
0.5A ,:; ILOAD ,:; 3A, 
15 
V 


LM2576HV 
18V,:; 
VIN ,:; 60V 
14.40/14.25 
V(Min) 


Circuit of Figure 2 
15.68/15.83 
V(Max) 


7) 
Efficiency 
VIN = 18V, ILOAD = 3A 
88 
% 


LM2576-ADJ, 
LM2576HV-ADJ 
Electrical Characteristics 
Specifications 
with standard 
type face are for TJ = 25'C, 
and those with boldface 


type 
apply over full Operating 
Temperature 
Range. 


LM2576·ADJ 


Symbol 
Parameter 
Conditions 
LM2576HV·ADJ 
Units 


Typ 
Limit 
(Limits) 


(Note 
2) 


SYSTEM 
PARAMETERS 
(Note 3) Test Circuit Figure 2 


VOUT 
Feedback 
Voltage 
VIN = 12V, ILOAD = 0.5A 
1.230 
V 


VOUT = 5V, 
1.217 
V(Min) 


Circuit of Figure 2 
1.243 
V(Max) 


VOUT 
Feedback 
Voltage 
0.5A ,:; ILOAD ,:; 3A, 
1.230 
V 


LM2576 
8V,:; 
VIN':; 
40V 
1.193/1.180 
V(Min) 


VOUT = 5V, Circuit of Figure 2 
1.267/1.280 
V(Max) 


VOUT 
Feedback 
Voltage 
0.5A ,:; ILOAD ,:; 3A, 
1.230 
V 


LM2576HV 
8V,:; 
VIN';; 
60V 
1.193/1.180 
V(Min) 


VOUT = 5V, Circuit of Figure 2 
1.273/1.286 
V(Max) 


7) 
Efficiency 
VIN = 12V,ILOAD = 3A, VOUT = 5V 
77 
% • 


All Output Voltage Versions 
Electrical 
Characteristics 
Specifications 
with standard 
type face are for TJ = 25·C, and those with boldface 
type apply 
over full Operating 
Temperature 
Range. 
Unless 
otherwise 
specified, 
VIN = 12V for the 3.3V, 5V, and Adjustable 
version, 
VIN = 25V for the 12V version, 
and VIN = 30V for the 15V version. 
ILOAD = 500 mA. 


LM2576-XX 
LM2576HV-XX 
Units 
Symbol 
Parameter 
Conditions 
Limit 
(Limits) 
Typ 
(Note 
2) 


DEVICE 
PARAMETERS 


Ib 
Feedback 
Bias Current 
VOUT = 5V (Adjustable 
Version 
Only) 
50 
100/500 
nA 


fo 
Oscillator 
Frequency 
(Note 11) 
52 
kHz 
47/42 
kHz (Min) 
58/63 
kHz (Max) 


VSAT 
Saturation 
Voltage 
lOUT = 3A (Note 4) 
1.4 
V 


1.8/2.0 
V(Max) 


DC 
Max Duty Cycle (ON) 
(Note 5) 
98 
% 


93 
%(Min) 


ICL 
Current 
Limit 
(Notes 4 and 11) 
5.8 
A 
4.2/3.5 
A(Min) 
6.9/7.5 
A(Max) 


IL 
Output 
Leakage 
Current 
(Notes 6 and 7) 
Output = OV 
2 
mA(Max) 
Output = -W 
7.5 
mA 
Output = -W 
30 
mA(Max) 


IQ 
Quiescent 
Current 
(Note 6) 
5 
mA 


10 
mA(Max) 


ISTBY 
Standby 
Quiescent 
ON/OFF 
Pin = 5V (OFF) 
50 
p.A 
Current 
200 
p.A(Max) 


6JA 
Thermal 
Resistance 
T Package, 
Junction 
to Ambient 
(Note 8) 
65 


6JA 
T Package, 
Junction 
to Ambient 
(Note 9) 
45 
·C/W 


6JC 
T Package, 
Junction 
to Case 
2 


6JA 
S Package, 
Junction 
to Ambient 
(Note 10) 
50 


ON/OFF 
CONTROL 
Test Circuit Figure 2 


VIH 
ON/OFF 
Pin 
VOUT = OV 
1.4 
2.2/2.4 
V(Min) 


VIL 
Logic Input Level 
VOUT = Nominal 
Output Voltage 
1.2 
1.0/0.8 
V(Max) 


IIH 
ON/OFF 
Pin Input 
ON/OFF 
Pin = 5V (OFF) 
12 
p.A 
Current 
30 
p.A(Max) 


IlL 
ON/OFF 
Pin = OV (ON) 
0 
p.A 
10 
p.A(Max) 


Note 
1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 


intended 
to be functional, 
but do not guarantee 
specific performance 
limits. For guaranteed 
specifications 
and test conditions. 
see the Electrical Characteristics. 


Note 2: All limits guaranteed 
at room temperature 
(standard type face) and at temperature 
extremes 
(bold 
type 
face). All room temperature 
limits are 100% 
production 
tested. All limits at temperature 
extremes 
are guaranteed 
via correlation 
using standard Statistical 
Quality Control (sac) methods. 


Note 
3: External 
components 
such as the catch 
diode, inductor, 
input and output 
capacitors 
can affect 
switching 
regulator 
system 
pertonnance. 
When the 
LM2576/LM2576HV 
is used as shown in the Figure 2 test circuit, system pertormance 
will be as shown in system parameters 
section of Electrical Characteristics. 


Note 4: Output pin sourcing current. No diode, inductor or capacitor connected 
to output. 


Note 5: Feedback 
pin removed from output and connected 
to OV. 


Note 6: Feedback pin removed from output and connected 
to + 12V for the Adjustable, 
3.3V, and 5V versions, and + 25V for the 12V and 15V versions, to force 


the output transistor 
OFF. 


Nole 
7: V,N ~ 40V (60V for high voltage version). 


Note 8: Junction to ambient thermal resistance 
(no external heat sink) for the 5 lead TO-220 package mounted vertically, with % inch leads in a socket. or on a PC 


board with minimum copper area. 


Note 9: Junction to ambient thermal resistance 
(no external heat sink) for the 5 lead TO-220 package mounted vertically, with Yo( inch leads soldered to a PC board 


containing 
approximately 
4 square inches of copper area surrounding 
the leads. 


Note 10: If the TO-263 package is used, the thermal resistance can be reduced by increasing the PC board copper area thermally connected 
to the package. Using 
0.5 square inches of copper area, 8JA is 5(J'C/W, with 1 square inch of copper area, 8JA is 3rC/W, 
and with 1.6 or more square inches of copper area, 8JA is 
3'Z'C/W. 


Note 11: The oscillator frequency reduces to approximately 
11 kHz in the event of an output short or an overload which causes the regulated output voltage to drop 


approximately 
40% from the nominal output voltage. This self protection feature lowers the average power dissipation of the IC by lowering the minimum duty cycle 


from 5% down to approximately 
2%. 


Typical Performance 
Characteristics 
(Circuit of Figure 2) 


Normalized 
Output 
Voltage 
Line Regulation 
Dropout 
Voltage 


+1.0 
1.4 
2.0 
I 
I 
I 
+0.8 I-- 
V1N = 20V 
1.2- 
_ 
~OAO = 500 mA_ ~ 


> 
L, 
= 
150 JlH 
g 
ILOAD = 500 
mA 
g 
TJ = 25°C 
- 
IlOAD 
= 
3.6. 


+0.6 I- 
Normalized 
at 
1.0 
J...,.o"" 
< 
~ 
~TJ=25°C 
~ 
~ 


1.5 
z 
+0.4 I- 
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AOJ 
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-0.2 
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g 
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g 
I- 
_12Va: 
15V 
~ 
r- I- 
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~OAO 
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I 
0 
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~ 
-0.6 
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I 
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1 
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-0.4 
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25 
50 
75 
100 
125 
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10 
20 
30 
40 
50 
60 
-75 -SO -25 
0 
25 
50 
75 
100125150 


JUNCTION 
TEMPERATURE 
(Oe) 
INPUT 
VOLTAGE 
(V) 
JUNCTION 
TEIr.lPERATURE (Oe) 


Standby 


Current 
Limit 
Quiescent 
Current 
Quiescent 
Current 


6.5 
20 


!.Vour=SV 
200 


V1N 
= 
25V 
< 
V1N = o4oV -- 
18 
Measured 
at 
..3 


6.0 
.•... 


.......•..•.... 


< 
Ground Pin 
z 
- 


1 
< 
.5- 
16 
150 
TJ = 25°C 
~ 
z 
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z 
5.5 
14 
~ 
~ 
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v 
VOti/orr = 5V 
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12 
100 
v 
"'- 


v 
'- 
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v 
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5.0 
z 
10 
'\ 
'-' 
/ ~ 
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VIH = 12V - 
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0 
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8 
> 
50 - 


4.5 
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mA 
0 - 
6 
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JUNCTION 
TEIr.lPERATUR[ 
(oe) 
INPUT 
VOLTAGE 
(V) 
JUNCTION 
TEt.lPERATURE 
(Oe) 


Switch 
Saturation 


Oscillator 
Frequency 
Voltage 
Efficiency 


8 
1.6 
100 


IllOAD 
= 
3A 
Normalized 
at 25°C 
TJ = 
25°C 
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6 
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.-:::;:::: ~ 


95 
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JUNCTION 
TEIIlPERATURE 
COC) 
SWITCH 
CURRENT 
CA) 
INPUT 
VOLTAGE 
Cv) 


Quiescent 
Current 
Feedback 
Voltage 
Minimum 
Operating 
Voltage 
vs Duty Cycle 
vs Duty Cycle 


5.0 
20.0 
20 


4.5 
Adjustable 
Version 
Only 
Adjustable 
Version 
Only./ 
> 
Adjustable 
Version 
Only 
17.5 
15 


4.0 I••••.•. 
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VIN =]V h../ /" 
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\. 
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mA 


> 


.5- 
15.0 
~ 
~ 
10 
3.5 
z 
~ 
r--"- 


z 
< 
~ 
3.0 
12.5 
z 
5 
< 
~ 
#< 


v 
~ 
t:,....VIN = 40V 
2.5 
~ 
10.0 
~ 
0 
'< 
v 
/ 


V1N T -40V 
< 
V 
IN = 7V 
""""0; ::::::::. 


2.0 
~ 
~ 
I-.. 
~ 
Your 
~ 
1.23V 
z 
7.5 
-5 
~ 
1.51-- 
v 
./ 
ILOAo = 500 
mA 
~ 
z 
ILOAD = 500 
mA 
~ 
5.0 
v 
-'0 
1.0 
~ 
I 
< 
I 
a 


0.5 
2.5 
I 


-15 


0 
I 
0 
-20 
-50 
-25 
0 
25 
50 
75 
100 
125 
0 
20 
40 
60 
80 
100 
0 
20 
40 
60 
80 
100 


JUNCTION 
TE~PERATURE 
COC) 
DUTY 
CYCLE (%) 
DUTY 
CYCLE 
C") 


TL/H/11476-3 


Ell 


> 
:I::e 
Typical Performance 
Characteristics 
(Circuit of Figure 2) 
(Continued) 
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:::::E 
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Dissipation 
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(See Note 10) 
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AMBIENT TEMPERATURE (Oc) 


Adjustable 
Version 
Only 


J 


./ 


JUNCTION TEMPERATURE (OC) 


TUH/11476-4 


Load Transient 
Response 


o 
+100mV 
utput 
Vonage 
0 
Change 


-100mV 


3A 


Load 
2A 


Current 
1A 


0 


100 p.s/div 


TLlH/11476-5 


f 


4A 


B 
2A 


, 0 


VOUT ~ 
15V 


A: Output Pin Voltage, 50V/div 


S: Output Pin Current, 2A/div 


C: Inductor Current, 2A/div 


0: Output Ripple Voltage, 50 mV Idiv, 


AC-Coupled 


Horizontal 
Time Base: 5 ~s/dlv 


As in any switching 
regulator, 
layout is very important. 
Rap- 
idly 
switching 
currents 
associated 
with 
wiring 
inductance 
generate 
voltage 
transients 
which 
can cause problems. 
For 
minimal 
inductance 
and 
ground 
loops, 
the 
length 
of the 
leads 
indicated 
by heavy 
lines should 
be kept as short 
as 
possible. 
Single-point 
grounding 
(as indicated) 
or ground 
plane 
construction 
should 
be used for best 
results. 
When 
using the Adjustable 
version, 
physically 
locate the program- 
ming 
resistors 
near 
the 
regulator, 
to 
keep 
the 
sensitive 
feedback 
wiring short. 


LM2576HV- 
FIXED OUTPUT 


Fixed Output 
Voltage 
Versions 


FEEDBACK 
~ 


lOOI'H 


01 
~BR360 


LM2576HV- 
ADJ 


Adjustable 
Output 
Voltage 
Version 


FEEDBACK 


+ COUT 


1000l'F 


C,N - 
1DOI'F, 75V, Aluminum 
Electrolytic 


COUT- 
1DOOI'F, 25V, Aluminum 
Electrolytic 


0, - 
SchoUky, MBR360 


L, - 
100 I'H, Pulse Eng. PE-921 DB 


R,- 
2k, 0.1% 


R2- 
6.12k, 0.1% 


VOUT = VREF ( 1 + ~) 


R2 ~ R, (VOUT -I) 
VREF 


where VREF ~ 
1.23V, RI between 
1k and 5k. 


• 


Given: 


VOUT = Regulated 
Output Voltage 
(3.3V, 5V, 12V, or 15V) 


VIN(Max) = Maximum 
Input Voltage 


tLOAD(Max) = Maximum 
Load Current 


1. 
Inductor 
Selection 
(ll) 


A. Select the correct 
Inductor 
value selection 
guide from 
Figures 3, 4, S. or 6. (Outputvottages 
of 3.3V, 5V, 12Vor 
15V respectively). 
For other output voltages, 
see the 
design 
procedure 
for the adjustable 
version. 


B. From the inductor 
value selection 
guide, identify the 
inductance 
region intersected 
by VIN(Max) 
and 
ILOAD(Max), and note the inductor 
code for that region. 


C. Identify the inductor 
value from the inductor 
code, and 
select an appropriate 
inductor 
from the table shown in 
Figure 3 . Part numbers 
are listed for three inductor 
manufacturers. 
The inductor 
chosen 
must be rated for 
operation 
at the LM2576 
switching 
frequency 
(52 kHz) and 
for a current 
rating of 1.15 x ILOAD. For additional 
inductor 
information, 
see the inductor 
section 
in the 
Application 
Hints section 
of this data sheet. 


2. 
Output 
Capacitor 
Selection 
(COUT) 


A. The value of the output capacitor 
together 
with the 
inductor 
defines 
the dominate 
pole-pair 
of the switching 
regulator 
loop. For stable operation 
and an acceptable 
output 
ripple voltage, 
(approximately 
1% of the output 
voltage) 
a value between 
100 JLFand 470 JLFis 
recommended. 


B. The capacitor's 
voltage 
rating should 
be at least 1.5 
times greater 
than the output voltage. 
For a 5V regulator, 
a rating of at least 8V is appropriate, 
and a 10V or 15V 
rating is recommended. 


Higher voltage 
electrolytic 
capacitors 
generally 
have lower 
ESR numbers, 
and for this reason 
it may be necessary 
to 
select a capacitor 
rated for a higher voltage 
than would 
normally 
be needed. 


3. 
Catch 
Diode 
Selection 
(01) 


A. The catch-diode 
current 
rating must be at least 1.2 
times greater 
than the maximum 
load current. 
Also, if the 
power supply design 
must withstand 
a continuous 
output 
short, the diode should 
have a current 
rating equal to the 
maximum 
current 
limit of the LM2576. 
The most stressful 
condition 
for this diode is an overload 
or shorted 
output 
condition. 


B. The reverse 
voltage 
rating of the diode should 
be at 
least 1.25 times the maximum 
input voltage. 


4. 
Input 
Capacitor 
(CIN) 


An aluminum 
or tantalum 
electrolytic 
bypass capacitor 
located 
close to the regulator 
is needed 
for stable 
operation. 


Given: 


VOUT = 5V 
VIN(Max) 
= 15V 


ILOAD(Max) = 3A 


1. 
Inductor 
Selection 
(ll) 


A. Use the selection 
guide shown 
in Figure 4 . 


B. From the selection 
guide, the inductance 
area 
intersected 
by the 15V line and 3A line is L100. 


C. Inductor 
value required 
is 100 JLH. From the table in 
Figure 3. Choose 
AlE 415-0930, 
Pulse Engineering 
PE92108, 
or Renco 
RL2444. 


2. 
Output 
Capacitor 
Selection 
(COUT) 


A. COUT = 680 JLFto 2000 JLFstandard 
aluminum 
electrolytic. 


B. Capacitor 
voltage 
rating = 20V. 


3. 
Catch 
Diode 
Selection 
(01) 


A. For this example, 
a 3A current 
rating is adequate. 


B. Use a 20V 1N5823 or SR302 Schottky 
diode, or any of 
the suggested 
fast-recovery 
diodes shown 
in Figure 8. 


4. 
Input 
Capacitor 
(CIN) 


A 100 JLF,25V aluminum 
electrolytic 
capacitor 
located 
near the input and ground 
pins provides 
sufficient 
bypassing. 


LM2576 Series Buck Regulator 
Design Procedure 
(Continued) 


INDUCTOR 
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SELECTION 
GUIDES 
(For Continuous 
Mode Operation) 
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FIGURE 
3. LM2576(HV)·3.3 
FIGURE 
4: LM2576(HV)·5.0 
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FIGURE 
6. LM2576(HV)-15 
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Given: 


VOUT = 
Regulated 
Output Voltage 


VIN(Max) 
= Maximum 
Input Voltage 


ILOAO(Max) = Maximum 
Load Current 


F = SWitching 
Frequency 
(Fixed at 52 kHz) 


1. 
Programming 
Output 
Voltage 
(Selecting 
R1 and R2, as 
shown in Figure 2) 


Use the following 
formula 
to select the appropriate 
resistor 
values. 


VOUT = VREF (1 + :~) 
where VREF = 
1.23V 


R1 can be between 
1k and 5k. (For best temperature 


coefficient 
and stability 
with time, use 1% metal film 


resistors) 


( 
VOUT 
) 
R2= 
R1 
---1 
VREF 


Inductor 
Selection 
(L 1) 


A. Calculate 
the inductor 
Volt e microsecond 
constant, 


E e T (V e ",s), from the following 
formula: 


VOUT 
1000 
EeT 
= (V,N - 
VOUT)--e--. 
--(Ve 
",s) 
VIN 
F (mkHz) 


B. Use the E e T value from the previous 
formula 
and 
match it with the E e T number 
on the vertical 
axis of the 
Inductor 
Value 
Selection 
Guide 
shown in Figure 
7. 


C. On the horizontal 
axis, select the maximum 
load 


current. 


D. Identify the inductance 
region intersected 
by the E e T 


value and the maximum 
load current 
value, and note the 


inductor 
code for that region. 


E. Identify the inductor 
value from the inductor 
code, and 


select an appropriate 
inductor 
from the table shown 
in 


Figure 9. Part numbers 
are listed for three inductor 
manufacturers. 
The inductor 
chosen 
must be rated for 
operation 
at the LM2576 
switching 
frequency 
(52 kHz) 


and for a current 
rating of 1.15 x 'LOAO. For additional 


inductor 
information, 
see the inductor 
section 
in the 


application 
hints section 
of this data sheet. 


3. 
Output 
Capacitor 
Selection 
(COUT) 


A. The value of the output capacitor 
together 
with the 


inductor 
defines 
the dominate 
pole-pair 
of the switching 


regulator 
loop. For stable operation, 
the capacitor 
must 


satisfy the following 
requirement 
V,N(Max) 
COUT;;;' 13,300 
VOUTe L(",H) (",F) 


The above formula 
yields capacitor 
values between 
10 ",F 


and 2200 ",F that will satisfy the loop requirements 
for 


stable operation. 
But to achieve 
an acceptable 
output 


ripple voltage, 
(approximately 
1% of the output voltage) 


and transient 
response, 
the output capacitor 
may need to 


be several 
times larger than the above formula 
yields. 


B. The capacitor's 
voltage 
rating should 
be at last 1.5 


times greater 
than the output voltage. 
For a 10V regulator, 
a rating of at least 15V or more is recommended. 


Higher voltage 
electrolytic 
capacitors 
generally 
have 


lower ESR numbers, 
and for this reason 
it may be 


necessary 
to select a capacitor 
rate for a higher voltage 


than would normally 
be needed. 


EXAMPLE 
(Adjustable 
Output 
Voltage 
Versions) 


Given: 


VOUT = 
10V 


VIN(Max) 
= 25V 


ILOAO(Max) = 3A 


F = 52kHz 


1. 
Programming 
Output 
Voltage 
(Selecting 
R1 and R2) 


VOUT = 
1.23( 
1 + :~) 
Select 
R1 = 
1k 


R2 = 
R1(VOUT 
-1) 
= 
1k( 
10V 
- 
1) 


VREF 
1.23V 


2. 
Inductor 
Selection 
(L 1) 


A. Calculate 
E e T (V e ",s) 


10 
1000 
E e T = (25 - 
10) e 25 e52 = 
115 V e "'S 


B.EeT= 
115Ve",s 


C. ILOAO(Max) = 3A 


D.lnductance 
Region 
= H150 


E. Inductor 
Value 
= 
150 ",H Choose 
from AlE 


part" 
415-0936 
Pulse 
Engineering 


part # PE-531115, 
or Renco 
part" 
RL2445. 


3. 
Output 
Capacitor 
Selection 
(COUT) 


25 
A. COUT > 13,300 
10 e 150 = 22.2 ",F 


However, 
for acceptable 
output 
ripple voltage 
select 


COUT;;;' 680 ",F 


COUT = 680 ",F electrolytic 
capacitor 


LM2576 Series Buck Regulator Design Procedure 
(Continued) 


PROCEDURE 
(Adjustable 
Output 
Voltage 
Versions) 
EXAMPLE 
(Adjustable 
Output 
Voltage 
Versions) 


4. 
Catch 
Diode 
Selection 
(01) 
4. 
Catch 
Diode 
Selection 
(01) 
A. The catch-diode 
current 
rating must be at least 1.2 
A. For this example, 
a 3.3A current 
rating is adequate. 


times greater 
than the maximum 
load current. 
Also, if the 
B. Use a 30V 310003 
Schottky 
diode, or any of the suggested 


power supply design 
must withstand 
a continuous 
output 
fast-recovery 
diodes 
in Figure 8. 


short, the diode should 
have a current 
rating equal to the 


maximum 
current 
limit of the LM2576. 
The most stressful 


condition 
for this diode is an overload 
or shorted 
output. 


See diode selection 
guide in Figure 8 . 
• 


B. The reverse 
voltage 
rating of the diode should 
be at 
least 1.25 times the maximum 
input voltage. 


5. 
Input 
Capacitor 
(CIN) 
5. 
Input 
Capacitor 
(CIN) 


An aluminum 
or tantalum 
electroly1ic 
bypass capacitor 
A 100 J-A-Faluminum 
electroly1ic 
capacitor 
located 
near the input 


located 
close to the regulator 
is needed 
for stable 
and ground 
pins provides 
sufficient 
bypassing. 


operation. 


VR 
Schottky 
Fast Recovery 


3A 
4A-6A 
3A 
4A-6A 


20V 
1N5820 
1N5823 
MBR320P 
SR302 


30V 
1N5821 
50W003 
To further simplify the buck regulator 


MBR330 
1N5824 
design procedure, National Semicon- 


310003 
The following 
ductor is making available computer 
SR303 
The following 
diodes 
are all 
design software to be used with the 


40V 
1N5822 
MBR340 
diodes are all 
rated to 100V 
SIMPLE SWITCHER line of switching 


MBR340 
50W004 
rated to 100V 
regulators. Switchers 
Made Simple 
310004 
1N5825 
310F1 
50WF10 
(Version 3.3) is available on a (3Y2H) 
SR304 
HER302 
MUR410 
diskette for IBM compatible computers 


50V 
MBR350 
50W005 
HER602 
Irom a National Semiconductor sales 


310005 
office in your area. 


SR305 


60V 
MBR360 
50WR06 
0006 
50S0060 
SR306 


FIGURE 
8. Diode 
Selection 
Guide 


Inductor 
Inductor 
Schott 
Pulse 
Eng. 
Renco 


Code 
Value 
(Note 
1) 
(Note 
2) 
(Note 
3) 


L47 
47 J-A-H 
671 26980 
PE-53112 
RL2442 


L68 
68J-A-H 
67126990 
PE-92114 
RL2443 


L100 
100J-A-H 
67127000 
PE-92108 
RL2444 


L150 
150J-A-H 
671 27010 
PE-53113 
RL1954 


L220 
220 J-A-H 
67127020 
PE-52626 
RL1953 


L330 
330J-A-H 
67127030 
PE-52627 
RL1952 


L470 
470J-A-H 
67127040 
PE-53114 
RL1951 


L680 
680J-A-H 
67127050 
PE-52629 
RL1950 


H150 
150J-A-H 
671 27060 
PE-53115 
RL2445 


H220 
220J-A-H 
671 27070 
PE-53116 
RL2446 


H330 
330 J-A-H 
67127080 
PE-53117 
RL2447 


H470 
470 J-A-H 
671 27090. 
PE-53118 
RL1961 


H680 
680J-A-H 
67127100 
PE-53119 
RL1960 


H1000 
1000 J-A-H 
67127110 
PE-53120 
RL1959 


H1500 
1500J-A-H 
67127120 
PE-53121 
RL1958 


H2200 
2200 J-A-H 
67127130 
PE-53122 
RL2448 


Note 1: Schott Corporation, 
(612) 475-1173, 
1000 Parkers Lake Road. Wayzata, MN 55391. 


Note 2: Pulse Engineering, 
(619) 674-8100, 
P.O. Box 12235, San Diego, CA 92112. 


Note 3: Renco Electronics 
Incorporated, 
(516) 586·5566, 
60 Jeffryn Blvd. East. Deer Park, NY 11729. 
FIGURE 
9. Inductor 
Selection 
by Manufacturer's 
Part Number 
• 


Application 
Hints 


INPUT CAPACITOR 
(CIN) 


To 
maintain 
stability, 
the 
regulator 
input 
pin must 
be by- 


passed 
with 
at least 
a 100 J.LFelectrolytic 
capacitor. 
The 


capacitor's 
leads 
must be kept short, 
and located 
near the 


regulator. 


If the 
operating 
temperature 
range 
includes 
temperatures 


below 
- 25°C, 
the 
input 
capacitor 
value 
may 
need 
to 
be 


larger. 
With 
most 
electrolytic 
capacitors, 
the 
capacitance 


value 
decreases 
and the ESR increases 
with lower temper- 


atures 
and age. Paralleling 
a ceramic 
or solid tantalum 
ca- 


pacitor 
will increase 
the regulator 
stability 
at cold tempera- 
tures. 
For maximum 
capacitor 
operating 
lifetime, 
the capaci- 


tor's 
RMS ripple current 
rating 
should 
be greater 
than 


(tON) 
1.2 x T 
X ILOAO 


tON 
VOUT 
where T 
= V;;;for a buck regulator 


tON 
IVoUTI 
and 
-T 
= Iv 
I 
v 
for a buck-boost 
regulator. 


OUT + 
IN 


INDUCTOR 
SELECTION 


All switching 
regulators 
have two basic modes 
of operation: 


continuous 
and discontinuous. 
The difference 
between 
the 


two types 
relates 
to the inductor 
current, 
whether 
it is flow- 


ing continuously, 
or if it drops to zero for a period 
of time in 


the normal 
sWitching 
cycle. 
Each mode has distinctively 
dif- 


ferent 
operating 
characteristics, 
which can affect the regula- 


tor performance 
and requirements. 


The LM2576 
(or any of the SIMPLE 
SWITCHER 
family) 
can 


be used 
for both 
continuous 
and 
discontinuous 
modes 
of 


operation. 


The inductor 
value selection 
guides 
in Figure 
3 through 
Fig- 


ure 7 were designed 
for buck regulator 
designs 
of the con- 


tinuous 
inductor 
current 
type. 
When 
using 
inductor 
values 


shown 
in the inductor 
selection 
guide, the peak-to-peak 
in- 
ductor 
ripple 
current 
will be approximately 
20% 
to 30% 
of 


the 
maximum 
DC current. 
With 
relatively 
heavy 
load 
cur- 


rents, the circuit 
operates 
in the continuous 
mode 
(inductor 


current 
always 
flowing), 
but under 
light load conditions, 
the 


circuit 
will 
be forced 
to the 
discontinuous 
mode 
(inductor 


current 
falls to zero for a period of time). This discontinuous 


mode 
of operation 
is perfectly 
acceptable. 
For light 
loads 


(less 
than 
approximately 
300 
mAl 
it may 
be desirable 
to 


operate 
the 
regulator 
in the discontinuous 
mode, 
primarily 


because 
of the 
lower 
inductor 
values 
required 
for the dis- 
continuous 
mode. 


The 
selection 
gUide chooses 
inductor 
values 
suitable 
for 


continuous 
mode operation, 
but if the inductor 
value chosen 


is prohibitively 
high, the designer 
should 
investigate 
the pos- 


sibility 
of 
discontinuous 
operation. 
The 
computer 
design 


software 
Switchers Made Simple will provide 
all compo- 
nent values 
for discontinuous 
(as well as continuous) 
mode 


of operation. 


Inductors 
are available 
in different 
styles 
such as pot core, 
toriod, 
E-frame, 
bobbin 
core, 
etc., as well as different 
core 
materials, 
such as ferrites 
and powdered 
iron. The least ex- 
pensive, 
the bobbin 
core type, consists 
of wire wrapped 
on 
a ferrite 
rod core. 
This type 
of construction 
makes 
for an 
inexpensive 
inductor, 
but since the magnetic 
flux is not com- 


pletely 
contained 
within 
the core, it generates 
more electro- 


magnetic 
interference 
(EM I). This EMI can cause 
problems 


in sensitive 
circuits, 
or can 
give 
incorrect 
scope 
readings 


because 
of induced 
voltages 
in the scope 
probe. 


The inductors 
listed in the selection 
chart 
include 
ferrite 
pot 


core 
construction 
for AlE, 
powdered 
iron toroid 
for 
Pulse 


Engineering, 
and ferrite 
bobbin 
core for Renco. 


An inductor 
should 
not be operated 
beyond 
its maximum 


rated 
current 
because 
it may saturate. 
When 
an inductor 


begins 
to saturate, 
the 
inductance 
decreases 
rapidly 
and 


the inductor 
begins 
to look 
mainly 
resistive 
(the DC resist- 


ance 
of the winding). 
This will cause 
the switch 
current 
to 


rise very rapidly. 
Different 
inductor 
types have different 
satu- 
ration characteristics, 
and this should 
be kept in mind when 


selecting 
an inductor. 


The 
inductor 
manufacturer's 
data 
sheets 
include 
current 


and energy 
limits to avoid 
inductor 
saturation. 


INDUCTOR 
RIPPLE 
CURRENT 


When the switcher 
is operating 
in the continuous 
mode, the 


inductor 
current 
waveform 
ranges 
from 
a triangular 
to 
a 


saw100th 
type 
of waveform 
(depending 
on the 
input 
volt- 
age). For a given input voltage 
and output voltage, 
the peak- 
to-peak 
amplitude 
of this inductor 
current 
waveform 
remains 


constant. 
As the load current 
rises or falls, the entire 
saw- 
tooth 
current 
waveform 
also rises or falls. The average 
DC 


value 
of this waveform 
is equal 
to the 
DC load current 
(in 
the buck regulator 
configuration). 


If the load current 
drops 
to a low enough 
level, the bottom 


of the saw100th 
current 
waveform 
will reach 
zero, 
and the 


switcher 
will change 
to a discontinuous 
mode 
of operation. 


This is a perfectly 
acceptable 
mode 
of operation. 
Any buck 


switching 
regulator 
(no matter 
how large the inductor 
value 


is) will be forced 
to run discontinuous 
if the load current 
is 


light enough. 


OUTPUT 
CAPACITOR 


An output 
capacitor 
is required 
to filter 
the output 
voltage 


and 
is needed 
for 
loop 
stability. 
The 
capacitor 
should 
be 


located 
near the LM2576 
using short pc board traces. 
Stan- 


dard 
aluminum 
electrolytics 
are usually 
adequate, 
but 
low 
ESR types 
are recommended 
for low output 
ripple 
voltage 
and 
good 
stability. 
The 
ESR 
of 
a capacitor 
depends 
on 
many factors, 
some which 
are: the value, the voltage 
rating, 


physical 
size and the type of construction. 
In general, 
low 


value 
or low voltage 
(less than 
12V) electrolytic 
capacitors 


usually 
have higher 
ESR numbers. 


The amount 
of output 
ripple voltage 
is primarily 
a function 
of 
the 
ESR 
(Equivalent 
Series 
Resistance) 
of the 
output 
ca- 


pacitor 
and 
the 
amplitude 
of 
the 
inductor 
ripple 
current 


(D.IINO)' See the section 
on inductor 
ripple 
current 
in Appli- 


cation 
Hints. 


The 
lower 
capacitor 
values 
(220 
J.LF-1000 
J.LF)will 
allow 


typically 
50 mV to 
150 mV of output 
ripple 
voltage, 
while 


larger-value 
capacitors 
will 
reduce 
the 
ripple 
to 
approxi- 
mately 
20 mV to 50 mY. 


Output 
Ripple Voltage 
= (D.IINO) (ESR of COUT) 


.------------------------------------------------, 
I 


== 
I\) 
U1~ 
0)- 
I 
== 
I\) 
U1~ 
0):I:< 


Application 
Hints (Continued) 


To further 
reduce 
the output 
ripple voltage, 
several 
standard 


electrolytic 
capacitors 
may be paralleled, 
or a higher-grade 


capacitor 
may 
be used. 
Such 
capacitors 
are often 
called 


"high-frequency," 
"low-inductance," 
or "Iow-ESR." 
These 


will reduce 
the output 
ripple to 10 mV or 20 mY. However, 


when 
operating 
in the continuous 
mode, 
reducing 
the ESR 


below 
0.03.0. can cause 
instability 
in the regulator. 


Tantalum 
capacitors 
can have a very low ESR, and should 


be carefully 
evaluated 
if it is the only output 
capacitor. 
Be- 


cause of their good low temperature 
characteristics, 
a tanta- 


lum can be used in parallel 
with aluminum 
electrolytics, 
with 


the 
tantalum 
making 
up 10% 
or 20% 
of the total 
capaci- 
tance. 


The capacitor's 
ripple current 
rating at 52 kHz should 
be at 


least 50% 
higher than the peak-to-peak 
inductor 
ripple cur- 
rent. 


CATCH 
DIODE 


Buck regulators 
require 
a diode to provide 
a return 
path for 
the 
inductor 
current 
when 
the 
switch 
is off. 
This 
diode 


should 
be located 
close 
to the 
LM2576 
using 
short 
leads 


and short 
printed 
circuit 
traces. 


Because 
of their fast switching 
speed 
and low forward 
volt- 


age drop, Schottky 
diodes 
provide 
the best efficiency, 
espe- 


cially 
in low output 
voltage 
switching 
regulators 
(less than 


5V). Fast-Recovery, 
High-Efficiency, 
or Ultra-Fast 
Recovery 


diodes 
are also suitable, 
but some types with an abrupt turn- 


off characteristic 
may cause instability 
and EMI problems. 
A 


fast-recovery 
diode 
with 
soft 
recovery 
characteristics 
is a 


better 
choice. 
Standard 
60 
Hz 
diodes 
(e.g., 
1N4001 
or 


1N5400, 
etc.) 
are 
also 
not 
suitable. 
See 
Figure 
8 
for 


Schottky 
and "soft" 
fast-recovery 
diode 
selection 
guide. 


OUTPUT 
VOLTAGE 
RIPPLE 
AND TRANSIENTS 


The output 
voltage 
of a switching 
power 
supply 
will contain 


a sawtooth 
ripple voltage 
at the switcher 
frequency, 
typically 


about 
1% of the output 
voltage, 
and may also contain 
short 


voltage 
spikes 
at the peaks 
of the sawtooth 
waveform. 


The output 
ripple voltage 
is due mainly to the inductor 
saw- 


tooth 
ripple current 
multiplied 
by the ESR of the output 
ca- 
pacitor. 
(See the inductor 
selection 
in the application 
hints.) 


The 
voltage 
spikes 
are 
present 
because 
of the 
the 
fast 


switching 
action 
of the output 
switch, 
and the 
parasitic 
in- 
ductance 
of the 
output 
filter 
capacitor. 
To minimize 
these 


voltage 
spikes, 
special 
low 
inductance 
capacitors 
can 
be 


used, and their 
lead lengths 
must be kept short. 
Wiring 
in- 


ductance, 
stray 
capacitance, 
as well 
as the 
scope 
probe 


used to evaluate 
these 
transients, 
all contribute 
to the am- 


plitude 
of these 
spikes. 


An additional 
small LC filter (20 fLH & 100 fLF) can be added 


to the output 
(as shown 
in Figure 
15) to further 
reduce 
the 


amount 
of output 
ripple and transients. 
A lOX 
reduction 
in 


output 
ripple voltage 
and transients 
is possible 
with this fil- 


ter. 


FEEDBACK 
CONNECTION 


The LM2576 
(fixed voltage 
versions) 
feedback 
pin must be 
wired 
to the 
output 
voltage 
point 
of the 
switching 
power 


supply. When using the adjustable 
version, 
physically 
locate 


both output voltage 
programming 
resistors 
near the LM2576 


to avoid 
picking 
up unwanted 
noise. 
Avoid 
using 
resistors 


greater 
than 
100 k.o. because 
of the 
increased 
chance 
of 


noise pickup. 


ON/OFF 
INPUT 


For normal 
operation, 
the ON/OFF 
pin should 
be grounded 


or driven with a low-level 
TIL 
voltage 
(typically 
below 
1.6V). 
To put the regulator 
into standby 
mode, drive this pin with a 


high-level 
TIL 
or CMOS 
signal. 
The ON/OFF 
pin can 
be 


safely 
pulled 
up to + VIN without 
a resistor 
in series 
with it. 


The ON/OFF 
pin should 
not be left open. 


GROUNDING 


To maintain 
output 
voltage 
stability, 
the power 
ground 
con- 
nections 
must 
be low-impedance 
(see 
Figure 
2). For the 


5-lead TO-220 
and TO-263 
style package, 
both the tab and 


pin 3 are ground 
and 
either 
connection 
may 
be used, 
as 


they are both part of the same copper 
lead frame. 


HEAT SINK/THERMAL 
CONSIDERATIONS 


In many cases, only a small heat sink is required 
to keep the 


LM2576 
junction 
temperature 
within 
the allowed 
operating 


range. 
For each application, 
to determine 
whether 
or not a 


heat sink will be required, 
the following 
must be identified: 


1. Maximum 
ambient 
temperature 
(in the application). 


2. Maximum 
regulator 
power 
dissipation 
(in application). 


3. Maximum 
allowed 
junction 
temperature 
(125'C 
for 
the 


LM2576). 
For a safe, conservative 
design, 
a temperature 


approximately 
15'C 
cooler 
than 
the 
maximum 
tempera- 
tures should 
be selected. 


4. LM2576 
package 
thermal 
resistances 
(JJA and (JJc. 


Total power 
dissipated 
by the LM2576 
can be estimated 
as 


follows: 


Po = (VIN)(IQ) + (VOIVIN)(ILOAOHVSAT) 


where 
IQ (quiescent 
current) 
and VSAT can be found 
in the 


Characteristic 
Curves 
shown 
previously, 
VIN is the applied 


minimum 
input voltage, 
Vo is the regulated 
output 
voltage, 


and 
ILOAO is the 
load current. 
The 
dynamic 
losses 
during 


turn-on 
and turn-off 
are negligible 
if a Schottky 
type 
catch 


diode 
is used. 


When 
no heat 
sink 
is used, 
the junction 
temperature 
rise 
can be determined 
by the follOWing: 


Il TJ = (Po) «(JJA) 


To arrive 
at the actual 
operating 
junction 
temperature, 
add 


the junction 
temperature 
rise to the maximum 
ambient 
tem- 


perature. 


TJ=IlTJ+TA 


If the actual 
operating 
junction 
temperature 
is greater 
than 


the 
selected 
safe 
operating 
junction 
temperature 
deter- 
mined 
in step 3, then a heat sink is required. 


When 
using 
a heat sink, the junction 
temperature 
rise can 


be determined 
by the following: 


Il TJ = (Po) 
«(JJC + (Jinterface + (JHeat sink) 


The operating 
junction 
temperature 
will be: 


TJ = TA + IlTJ 


As above, 
if the 
actual 
operating 
junction 
temperature 
is 


greater 
than 
the selected 
safe operating 
junction 
tempera- 


ture, then a larger heat sink is required 
(one that has a lower 


thermal 
resistance). 


Included 
on the Switcher 
Made 
Simple 
design 
software 
is 
a more precise 
(non-linear) 
thermal 
model that can be used 


to determine 
junction 
temperature 
with different 
input-output 


parameters 
or different 
component 
values. 
It can also calcu- 


late the 
heat 
sink thermal 
resistance 
required 
to maintain 
the regulators 
junction 
temperature 
below the maximum 
op- 


erating 
temperature. 
• 


- 
- 
age. This circuit 
bootstraps 
the regulator's 
ground 
pin to the 
negative 
output 
voltage, 
then 
by grounding 
the 
feedback 
pin, the 
regulator 
senses 
the 
inverted 
output 
voltage 
and 


regulates 
it to - 12V. 


For an input voltage 
of 12V or more, the maximum 
available 


output 
current 
in this configuration 
is approximately 
700 mA. 


At lighter loads, the minimum 
input voltage 
required 
drops to 
approximately 
4.7V. 


The 
switch 
currents 
in this 
buck-boost 
configuration 
are 


higher 
than 
in the standard 
buck-mode 
design, 
thus 
lower- 


ing the available 
output 
current. 
Also, the start-up 
input cur- 


rent of the buck-boost 
converter 
is higher than the standard 
buck-mode 
regulator, 
and this may overload 
an input power 


source 
with 
a current 
limit 
less than 
5A. Using 
a delayed 


turn-on 
or an undervoltage 
lockout 
circuit 
(described 
in the 


next section) 
would 
allow the input voltage 
to rise to a high 


enough 
level before 
the switcher 
would 
be allowed 
to turn 


on. 


Because 
of the structural 
differences 
between 
the buck and 


the buck-boost 
regulator 
topologies, 
the buck regulator 
de- 


sign 
procedure 
section 
can 
not 
be used 
to to select 
the 


inductor 
or the output 
capacitor, 
The recommended 
range 


of 
inductor 
values 
for 
the 
buck-boost 
design 
is between 


68 fLH and 220 fLH, and the output 
capacitor 
values 
must be 


larger than what 
is normally 
required 
for buck designs. 
Low 


input voltages 
or high output 
currents 
require 
a large value 


output 
capacitor 
(in the thousands 
of micro Farads). 


The peak 
inductor 
current, 
which 
is the same 
as the peak 


switch current, 
can be calculated 
from the following 
formula: 


I 
;::; ILOAD (VIN + IVai) + 
VIN IVol 
X _1_ 


P 
V,N 
VIN + IVol 
2L1 fose 


Where 
fose = 52 kHz. 
Under 
normal 
continuous 
inductor 


current 
operating 
conditions, 
the 
minimum 
VIN represents 


the worst 
case. Select 
an inductor 
that is rated for the peak 


current 
anticipated. 


FEEDBACK 
, 


OUTPUT 


2 


5 
OM/orr 


-12V@O.7A 
REGULATEQ 
OUTPUT 
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FIGURE 
10. Inverting 
Buck-Boost 
Develops 
-12V 


Also, 
the maximum 
voltage 
appearing 
across 
the regulator 


is the absolute 
sum of the inpot and output 
voltage. 
For a 


-12V 
output, 
the maximum 
input voltage 
for the LM2576 
is 


+ 28V, or + 48V for the LM2576HV. 


The Switchers 
Made 
Simple 
(version 
3.0) design 
software 


can be used to determine 
the feasibility 
of regulator 
designs 


using different 
topologies, 
different 
input-output 
parameters, 


different 
components, 
etc. 


input 
voltage 
ranging 
from 
- 5V to 
-12V 
and 
provides 
a 


regulated 
-12V 
output. 
Input voltages 
greater 
than 
-12V 


will cause the output 
to rise above 
-12V, 
but will not dam- 


age the regulator. 


COUT 
2200l'F 


LOW ESR 


Typical load Current 
400 mA for V,N ~ 
- 5.2V 
750 mA for V,N ~ -7V 


TLIH/11476-15 


FIGURE 
11. Negative 
Boost 


Because 
of the boosting 
function 
of this type 
of regulator, 
the switch 
current 
is relatively 
high, especially 
at low input 


voltages. 
Output 
load current 
limitations 
are a result 
of the 
maximum 
current 
rating of the switch. 
Also, boost regulators 


can not provide 
current 
limiting 
load protection 
in the event 
of a shorted 
load, so some 
other 
means 
(such 
as a fuse) 


may be necessary. 


UNDERVOLTAGELOCKOUT 


In some applications 
it is desirable 
to keep the regulator 
off 


until the 
input voltage 
reaches 
a certain 
threshold. 
An un- 


dervoltage 
lockout 
circuit 
which 
accomplishes 
this 
task 
is 


shown 
in Figure 
12, while Figure 
13 shows 
the same circuit 


applied 
to a buck-boost 
configuration. 
These 
circuits 
keep 
the regulator 
off until the input voltage 
reaches 
a predeter- 


mined 
level. 


FIGURE 
13. Undervoltage 
Lockout 
for Buck·Boost 
Circuit 


DELAYED 
STARTUP 


The ON/OFF 
pin can be used to provide 
a delayed 
startup 
feature 
as shown 
in Figure 
14. With an input voltage 
of 20V 


and for the part values 
shown, 
the circuit 
provides 
approxi· 
mately 
10 ms of delay time before 
the circuit begins 
switch- 
ing. Increasing 
the RC time constant 
can provide 
longer de- 


lay 
times. 
But 
excessively 
large 
RC time 
constants 
can 


cause problems 
with input voltages 
that are high in 60 Hz or 


120 Hz ripple, 
by coupling 
the ripple into the ON/OFF 
pin. 


55V 


UNREGULATED 


DC INPUT 


FEEDBACK 


+VIN 
4 
LM2576HV-ADJ 
OUTPUT 


2 


+ 
<1N 
3 
GND 
ON/OFF 
I"" 
- 
- 


ADJUSTABLE 
OUTPUT, 
LOW-RIPPLE 
POWER 
SUPPLY 


A 3A power 
supply 
that features 
an adjustable 
output 
volt- 
age is shown 
in Figure 
15. An additional 
L-C filter that reduc- 


es the output 
ripple by a factor 
of 10 or more is included 
in 
this circuit. 


+VIN 
+VIN 
LM2576-XX 
1 


0.1 J-lF 
ON/OFF 
3 
GND 
+ 


<1Nl 
100 J-lF 
Ro 
47k 


OUTPUT 


VOLTAGE 


+1.2 
to 50V 


@3A 


optional 
output 
ripple 
filter 


TLIH/11476-19 
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Definition of Terms 


BUCK REGULATOR 
A switching regulator topology in which a higher voltage is 
converted to a lower voltage. Also known as a step-down 
switching regulator. 


BUCK·BOOST 
REGULATOR 
A switching regulator topology in which a positive voltage is 
converted to a negative voltage without a transformer. 


DUTY CYCLE 
(D) 
Ratio of the output switch's on-time to the oscillator period. 


D = tON = VOUT 
T 
VIN 


for buck-boost regulator 
D = tON = 
IVai 
T 
IVai + VIN 


CATCH 
DIODE OR CURRENT 
STEERING 
DIODE 
The diode which provides a return path for the load current 
when the LM2576 switch is OFF. 


EFFICIENCY 
('1) 
The proportion of input power actually delivered to the load. 


POUT 
POUT 
'1 = ---p;;.;- = POUT + PLOSS 


CAPACITOR 
EQUIVALENT 
SERIES 
RESISTANCE 
(ESR) 
The purely resistive component of a real capacitor's imped- 
ance (see Figure t6). It causes power loss resulting in ca- 
pacitor heating, which directly affects the capacitor's oper- 
ating lifetime. When used as a switching regulator output 
filter, higher ESR values result in higher output ripple volt- 
ages. 
. 


~~ 


TLIH/11476-20 
FIGURE 
16. Simple 
Model of a Real Capacitor 
Most standard aluminum electrolytic 
capacitors 
in the 
100 !-,F-1000 !-,F range have 0.5!! to 0.1!! ESR. Higher- 
grade capacitors ("Iow-ESR", "high-frequency", or "low-in- 
ductance"') in the 100 !-,F-1000 !-,F range generally have 
ESR of less than 0.15!!. 


EQUIVALENT 
SERIES 
INDUCTANCE 
(ESL) 
The pure inductance component of a capacitor (see Figure 
16). The amount of inductance is determined to a large 
extent on the capacitor's construction. In a buck regulator, 
this unwanted inductance causes voltage spikes to appear 
on the output. 


OUTPUT 
RIPPLE 
VOLTAGE 
The AC component of the switching regulator's output volt- 
age. It is usually dominated by the output capacitor's ESR 
multiplied by the inductor's ripple current (AIIND)'The peak- 
to-peak value of this sawtooth ripple current can be deter- 
mined by reading the Inductor Ripple Current section of the 
Application hints. 


CAPACITOR 
RIPPLE 
CURRENT 
RMS value of the maximum allowable alternating current at 
which a capacitor can be operated continuously at a speci- 
fied temperature. 


STANDBY 
QUIESCENT 
CURRENT 
(ISTBY) 
Supply current required by the L~2576 when in the standby 
mode (ON/OFF pin is driven to TIL-high voltage, thus turn- 
ing the output switch OFF). 


INDUCTOR 
RIPPLE 
CURRENT 
(AIINO) 


The peak-to-peak value of the inductor current waveform, 
typically a sawtooth waveform when the regulator is operat- 
ing in the continuous mode (vs. discontinuous mode). 


CONTINUOUS/DiSCONTINUOUS 
MODE OPERATION 
Relates to the inductor current. t"nthe continuous mode, the 
inductor current is always flowing and never drops to zero, 
vs. the discontinuous mode, where the inductor current 
drops to zero for a period of time in the normal switching 
cycle. 


INDUCTOR 
SATURATION 
The condition which exists when an inductor cannot hold 
any more magnetic flux. When an inductor saturates, the 
inductor appears less inductive and the resistive component 
dominates. Inductor current is then limited only by the DC 
resistance of the wire and the available source current. 


OPERATING 
VOLT MICROSECOND 
CONSTANT 
(EeTop) 
The product (in Volte!-'s) of the voltage applied to the induc- 
tor and the time the voltage is applied. This EeTop constant 
is a measure of the energy handling capability of an inductor 
and is dependent upon the type of core, the core area, the 
number of turns, and the duty cycle. 


Connection 
Diagrams 


(XX indicates 
output 
voltage 
option. 
See ordering 
information 
table for complete 
part number.) 


Straight 
Leads 
5-Lead 
TO-220 
(T) 
Top View 


Bent, 
Staggered 
Leads 
5-Lead 
TO-220 
(T) 
TOp View 
m 


G 


nd 


0 ===:J~E~fr{ck 
===:J: 
2- Output 
===:J1-V1N 


TLIH/11476-21 
LM2576T·XX 
or LM2576HVT-XX 
NS Package 
Number 
T05A 


i,-"I'" 
4- reedbeck 
3- Ground 
2- Output 
1- 
V1N 


TQ-263 
(S) 


5·Lead 
Surface-Mount 
Package 
Top View 


_ _ 
fL. PINS 1,3,<1:5 


~PINS2<1:4 
O 


S-ON/OFF 


TABIS 
4- 
reedbeck 


GNO 
3- 
Ground 


2- Oulput 


1- 
V1N 


LM2576T-XX 
Flow 
LB03 
or LM2576HVT-XX 
Flow 
LB03 
NS Package 
Number 
T05D 


LM25765-XX 
NS Package 
Number 
TS5B 


Temperature 
Output 
Voltage 
NS Package 
Package 
Range 
3.3 
5.0 
12 
15 
ADJ 


LM2576S-3.3 
LM2576S-5.0 
LM2576S-12 
LM2576S-15 
LM2576S-AOJ 
TS5B 
TO-263 


LM2576HVT-3.3 
LM2576HVT 
-5.0 LM2576HVT 
-12 LM2576HVT-15 
LM2576HVT 
-AOJ 
T05A 
TO-220 


-40·C';; 
TA';; 
125·C 
LM2576T-3.3 
LM2576T-5.0 
LM2576T-12 
LM2576T-15 
LM2576T-AOJ 
T05A 
TO-220 


LM2576HVT 
-3.3 LM2576HVT 
-5.0 LM2576HVT-12 
LM2576HVT 
-15 LM2576HVT 
-AOJ 
T050 
TO-220 


LM2576T-3.3 
LM2576T-5.0 
LM2576T-12 
LM2576T-15 
LM2576T-AOJ 
T050 
TO-220 
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LM 1577/LM2577 
Series 
SIMPLE SWITCHER® Step-Up Voltage Regulator 


General Description 


The LM 1577 / LM2577 
are monolithic 
integrated 
circuits 
that 
provide 
all of the 
power 
and 
control 
functions 
for step-up 
(boost), 
flyback, 
and forward 
converter 
switching 
regulators. 
The device 
is available 
in three 
different 
output 
voltage 
ver- 
sions: 
12V, 15V, and adjustable. 


Requiring 
a 
minimum 
number 
of 
external 
components, 
these regulators 
are cost effective, 
and simple to use. Listed 
in this 
data 
sheet 
are a family 
of standard 
inductors 
and 
flyback 
transformers 
designed 
to work with these 
switching 
regulators. 


Included 
on the chip is a 3.0A NPN switch 
and its associat- 
ed protection 
circuitry, 
consisting 
of current 
and thermallim- 
iting, and undervoltage 
lockout. 
Other features 
include 
a 52 
kHz fixed-frequency 
oscillator 
that requires 
no external 
com- 
ponents, 
a soft start mode to reduce 
in-rush 
current 
during 
start-up, 
and current 
mode control 
for improved 
rejection 
of 
input voltage 
and output 
load transients. 


0.33J.LFI 


Features 


• 
Requires 
few external 
components 


• 
NPN output 
switches 
3.0A, can stand 
off 65V 


• 
Wide 
input voltage 
range: 
3.5V to 40V 


• 
Current-mode 
operation 
for improved 
transient 
response, 
line regulation, 
and current 
limit 


• 
52 kHz internal 
oscillator 


• 
Soft-start 
function 
reduces 
in-rush 
current 
during 
start-up 


• 
Output 
switch 
protected 
by current 
limit, 
under-voltage 
lockout, 
and thermal 
shutdown 


Typical Applications 


• 
Simple 
boost 
regulator 


• 
Flyback 
and forward 
regulators 


• 
Multiple-output 
regulator 


12V@:S 800 mA 


REGULA TED 
OUTPUT 
Your = 1.23V 
(1 + R1/R2) 


Rl 


17.4k 16i80J.LF 


R2 
2k 


Output 
Voltage 
NSC 
Temperature 
Package 
PackagE 
Range 
Type 
12V 
15V 
ADJ 
Drawing 
Package 


-40·C 
s; TA S; + 125·C 24-Pin Surface 
Mount 
LM2577M-12 
LM2577M-15 
LM2577M-ADJ 
M24B 
SO 
16-Pin Molded 
DIP 
LM2577N-12 
LM2577N-15 
LM2577N-ADJ 
N16A 
N 
5-Lead Surface 
Mount 
LM2577S-12 
LM2577S-15 
LM2577S-ADJ 
TS5B 
TO-263 
5-Straight 
Leads 
LM2577T-12 
LM2577T-15 
LM2577T-ADJ 
T05A 
TO-220 
5-Bent 
Staggered 
Leads 
LM2577T-12 
LM2577T-15 
LM2577T-ADJ 
T05D 
TO-220 


FlowLB03 
Flow LB03 
Flow LB03 
-55·C 
S; TA S; + 150·C 4-PinTO-3 
LM1577K-12/883 
LM1577K-15/883 
LM1577K-ADJ/883 
K04A 
TO-3 


Absolute Maximum Ratings 
(Note 1) 
Operating Ratings 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Supply Voltage 
3.5V ~ VIN ~ 40V 


please 
contact 
the 
National 
Semiconductor 
Sales 
Output 
Switch Voltage 
OV,;; VSWITCH ,;; 60V 
Office/Distributors 
for 
availability 
and 
specifications. 
Output 
Switch Current 
ISWITCH ,;; 3.0A 
Supply Voltage 
45V 
Junction 
Temperature 
Range 


Output 
Switch 
Voltage 
65V 
LM1577 
-55'C';; 
TJ';; 
+150'C 


Output 
Switch 
Current 
(Note 2) 
6.0A 
LM2577 
-40'C 
,;; TJ ,;; + 125'C 


Power Dissipation 
Internally 
Limited 


Storage 
Temperature 
Range 
- 65'C to + 150'C 


Lead Temperature 
(Soldering, 
10 sec.) 
260'C 


Maximum 
Junction 
Temperature 
150'C 


Minimum 
ESD Rating 
(C = 100 pF, R = 1.5 kO) 
2 kV 


Electrical Characteristics-LM1577-12, 
LM2577-12 


Specifications 
with standard 
type face are for TJ = 25'C, 
and those 
in bold 
type 
face 
apply over full Operating 
Temperature 
Range. 
Unless 
otherwise 
specified, 
VIN = 5V, and ISWITCH = O. 


LM1577-12 
LM2577·12 
Units 
Symbol 
Parameter 
Conditions 
Typical 
Limit 
Limit 
(Limits) 
(Notes 
3, 4) 
(Note 
5) 


SYSTEM 
PARAMETERS 
Circuit of Figure 
1 (Note 6) 


VOUT 
Output Voltage 
VIN = 5V to 10V 
12.0 
V 


ILOAD = 100 mA to 800 mA 
11.60/11.40 
11.60/11.40 
V(min) 


(Note 3) 
12.40/12.60 
12.40/12.60 
V(max) 


boVOUT 
Line Regulation 
VIN = 3.5V to 10V 
20 
mV 
boVIN 
ILOAD = 300 mA 
50/100 
50/100 
mV(max) 


boVOUT 
Load Regulation 
VIN = 5V 
20 
mV 
boLOAD 
ILOAD = 100 mA to 800 mA 
50/100 
50/100 
mV(max) 


'>1 
Efficiency 
VIN = 5V, ILOAD = 800 mA 
80 
% 


DEVICE 
PARAMETERS 


Is 
Input Supply Current 
VFEEDBACK = 14V (Switch 
Off) 
7.5 
mA 


10.0/14.0 
10.0/14.0 
mA(max) 


ISWITCH = 2.0A 
25 
mA 


VCOMP = 2.0V (Max Duty Cycle) 
50/85 
50/85 
mA(max) 


VUV 
Input Supply 
ISWITCH = 100 mA 
2.90 
V 


Undervoltage 
Lockout 
2.70/2.65 
2.70/2.65 
V(min) 


3.10/3.15 
3.10/3.15 
V(max) 


fa 
Oscillator 
Frequency 
Measured 
at Switch 
Pin 
52 
kHz 


ISWITCH = 100 mA 
48/42 
48/42 
kHz(min) 


56/62 
56/62 
kHz(max) 


VREF 
Output 
Reference 
Measured 
at Feedback 
Pin 
V 
Voltage 
VIN = 3.5V to 40V 
12 
11.76/11.64 
11.76/11.64 
V(min) 


VCOMP = 1.0V 
12.24/12.36 
12.24/12.36 
V(max) 


boVREF 
Output 
Reference 
VIN = 3.5V to 40V 


boVIN 
Voltage 
Line Regulator 
7 
mV 


RFB 
Feedback 
Pin Input 
9.7 
kO 
Resistance 


GM 
Error Amp 
ICOMP = -30 
",A to +30 
",A 
370 
",mho 
Transconductance 
VCOMP = 1.0V 
225/145 
225/145 
",mho(min) 


515/615 
515/615 
",mho(max) 


AVOL 
Error Amp 
VCOMP = 1.1V to 1.9V 
80 
VIV 


Voltage 
Gain 
RCOMP = 1.0 MO 
50/25 
50/25 
VIV(min) 


(Note 7) 
• 


Electrical Characteristics-LM1577-12, 
LM2577-12 
(Continued) 


Specifications 
with standard 
type face are for TJ = 25'C, 
and those 
in bold 
type 
face 
apply over full Operating 
Temperature 


Range. 
Unless 
otherwise 
specified. 
VIN = 5V. and ISWITCH = O. 


LM1577-12 
LM2577-12 
Units 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Limit 
(Limits) 
(Notes 
3, 4) 
(Note 
5) 


DEVICE 
PARAMETERS 
(Continued) 


Error Amplifier 
Upper Limit, 
2.4 
V 


Output 
Swing 
VFEEDBACK = 10.0V 
2.2/2.0 
2.2/2.0 
V(min) 


Lower Limit 
0.3 
V 


VFEEDBACK = 15.0V 
0.40/0.55 
0.40/0.55 
V(max) 


Error Amplifier 
VFEEDBACK = 1O.OVto 15.0V 
±200 
",A 
Output Current 
VCOMP = 1.0V 
±130/±90 
±130/±90 
",A(min) 


±300/±400 
±300/±400 
",A(max) 


Iss 
Soft Start Current 
VFEEDBACK = 10.0V 
5.0 
",A 
VCOMP = OV 
2.5/1.5 
2.5/1.5 
",A(min) 


7.5/9.5 
7.5/9.5 
",A(max) 


D 
Maximum 
Duty Cycle 
VCOMP = 1.5V 
95 
% 


ISWITCH = 100 mA 
93/90 
93/90 
%(min) 


~ISWITCH 
Switch 
12.5 
AN 
~VCOMP 
Transconductance 


IL 
Switch 
Leakage 
VSWITCH = 65V 
10 
",A 


Current 
VFEEDBACK = 15V (Switch 
Off) 
300/600 
300/600 
",A(max) 


VSAT 
Switch Saturation 
ISWITCH = 2.0A 
0.5 
V 


Voltage 
VCOMP = 2.0V (Max Duty Cycle) 
0.7/0.9 
0.7/0.9 
V(max) 


NPNSwitch 
4.5 
A 


Current 
Limit 
3.7/3.0 
3.7/3.0 
A(min) 


5.3/6.0 
5.3/6.0 
A(max) 


Electrical Characteristics-LM1577-15, 
LM2577-15 
Specifications 
with standard 
type face are for TJ = 25°C, and those 
in bold 
type 
face 
apply over full Operating 
Temperature 
Range. 
Unless 
otherwise 
specified, 
VIN = 5V, and ISWITCH = O. 


LM1577·15 
LM2577-15 
Units 
Symbol 
Parameter 
Conditions 
Typical 
Limit 
Limit 
(Limits) 
(Notes 
3, 4) 
(Note 
5) 


SYSTEM 
PARAMETERS 
Circuit of Figure 2 (Note 6) 


VOUT 
Output 
Voltage 
VIN = 5Vto 
12V 
15.0 
V 


ILOAD = 100 mA to 600 mA 
14.50/14.25 
14.50/14.25 
V(min) 


(Note 3) 
15.50/15.75 
15.50/15.75 
V(max) 


,:\,VOUT 
Line Regulation 
VIN = 3.5V to 12V 
20 
mV 
VIN 
'LOAD = 300 mA 
50/100 
50/100 
mV(max) 


,:\,VOUT 
Load Regulation 
VIN = 5V 
20 
mV 


.:\,ILOAD 
ILOAD = 100 mA to 600 mA 
50/100 
50/100 
mV(max) 


'IJ 
Efficiency 
VIN = 5V, ILOAD = 600 mA 
80 
% 


DEVICE 
PARAMETERS 


Is 
Input Supply Current 
VFEEDBACK = 18.0V 
7.5 
mA 


(Switch 
Off) 
10.0/14.0 
10.0/14.0 
mA(max) 


ISWITCH = 2.0A 
25 
mA 


VCOMP = 2.0V 
50/85 
50/85 
mA(max) 
(Max Duty Cycle) 


VUY 
Input Supply 
ISWITCH = 100 mA 
2.90 
V 


Undervoltage 
2.70/2.65 
2.70/2.65 
V(min) 


Lockout 
3.10/3.15 
3.10/3.15 
V(max) 


fo 
Oscillator 
Frequency 
Measured 
at Switch 
Pin 
52 
kHz 


ISWITCH = 100 mA 
48/42 
48/42 
kHz(min) 


56/62 
56/62 
kHz(max) 


VREF 
Output 
Reference 
Measured 
at Feedback 
Pin 
V 


Voltage 
VIN = 3.5V to 40V 
15 
14.70/14.55 
14.70/14.55 
V(min) 


VCOMP = 1.0V 
15.30/15.45 
15.30/15.45 
V(max) 


,:\,VREF 
Output 
Reference 
VIN = 3.5V to 40V 
10 
mV 
,:\,VIN 
Voltage 
Line Regulation 


RFB 
Feedback 
Pin Input 
12.2 
kD. 


Voltage 
Line Regulator 


GM 
Error Amp 
ICOMP = -30 
",A to +30 
",A 
300 
",mho 


Transconductance 
VCOMP = 1.0V 
170/110 
170/110 
",mho(min) 


420/500 
420/500 
",mho(max) 


AYOL 
Error Amp 
VCOMP = 1.1Vto 
1.9V 
65 
VIV 
Voltage 
Gain 
RCOMP = 1.0 MD. 
40/20 
40/20 
VIV(min) 


(Note 7) 
• 


Symbol 
I 
I 
I 
Typical 
I 
_...........- 


I 


_............... 


I 


Units 
Parameter 
Conditions 
limit 
Limit 
(Limits) 
(Notes 
3, 4) 
(Note 
5) 


DEVICE 
PARAMETERS 
(Continued) 
. 


Error Amplifier 
Upper Limit 
2.4 
V 


Output 
Swing 
VFEEDBACK = 12.0V 
2.2/2.0 
2.2/2.0 
V(min) 


Lower Limit 
0.3 
V 


VFEEDBACK = 18.0V 
0.4/0.55 
0.40/0.55 
V(max) 


Error Amp 
VFEEDBACK = 12.0V to 18.0V 
±200 
/-LA 


Output Current 
VCOMP = 1.0V 
±130/±90 
±130/±90 
/-LA(min) 


±300/±400 
±300/±400 
/-LA(max) 


Iss 
Soft Start Current 
VFEEDBACK = 12.0V 
5.0 
/-LA 


VCOMP = OV 
2.5/1.5 
2.5/1.5 
/-LA(min) 


7.5/9.5 
7.5/9.5 
/-LA(max) 


D 
Maximum 
Duty 
VCOMP = 1.5V 
95 
% 


Cycle 
ISWITCH = 100 mA 
93/90 
93/90 
%(min) 


t.ISWITCH 
Switch 
12.5 
AN 
t.VCOMP 
Transconductance 
... 


IL 
Switch 
Leakage 
VSWITCH = 65V 
10 
/-LA 


Current 
VFEEDBACK = 18.0V 
300/600 
300/600 
/-LA(max) 
(Switch 
Off) 


VSAT 
Switch 
Saturation 
ISWITCH = 2.0A 
0.5 
V 


Voltage 
VCOMP = 2.0V 
0.7/0.9 
0.7/0.9 
V(max) 
(Max Duty Cycle) 


NPN Switch 
VCOMP = 2.0V 
4.3 
A 


Current 
Limit 
3.7/3.0 
3.7/3.0 
A(min) 
,, 
5.3/6.0 
5.3/6.0 
A(max) 


Electrical Characteristics-LM1577-ADJ, 
LM2577-ADJ 


Specifications 
with standard 
type face are for TJ = 25'C. 
and those 
in bold 
type 
face 
apply over full Operating 
Temperature 


Range. 
Unless 
otherwise 
specified. 
VIN = 5V. VFEEDBACK = VREF. and ISWITCH = O. 


LM1577·ADJ 
LM2577·ADJ 
Units 
Symbol 
Parameter 
Conditions 
Typical 
limit 
Limit 
(limits) 
(Notes 
3, 4) 
(Note 
5) 


SYSTEM 
PARAMETERS 
Circuit of Figure 3 (Note 6) 


VOUT 
Output Voltage 
VIN = 5Vto 
10V 
12.0 
V 


ILOAD = 100 mA to 800 mA 
11.60/11.40 
11.60/11.40 
V(min) 


(Note 3) 
12.40/12.60 
12.40/12.60 
V(max) 


tlVOUT/ 
Line Regulation 
VIN = 3.5V to 10V 
20 
mV 


tlVIN 
ILOAD = 300 mA 
50/100 
50/100 
mV(max) 


tlVOUT/ 
Load Regulation 
VIN = 5V 
20 
mV 


tllLOAD 
ILOAD = 100 mA to 800 mA 
50/100 
50/100 
mV(max) 


1) 
Efficiency 
VIN = 5V, ILOAD = 800 mA 
80 
% 


DEVICE 
PARAMETERS 


Is 
Input Supply Current 
VFEEDBACK = 1.5V (Switch 
Off) 
7.5 
mA 


10.0/14.0 
10.0/14.0 
mA(max) 


ISWITCH = 2.0A 
25 
mA 


VCOMP = 2.0V (Max Duty Cycle) 
50/85 
50/85 
mA(max) 


Vuv 
Input Supply 
ISWITCH = 100 mA 
2.90 
V 


Undervoltage 
Lockout 
2.70/2.65 
2.70/2.65 
V(min) 


3.10/3.15 
3.10/3.15 
V(max) 


fo 
Oscillator 
Frequency 
Measured 
at Switch 
Pin 
52 
kHz 


ISWITCH = 100 mA 
48/42 
48/42 
kHz(min) 


56/62 
56/62 
kHz(max) 


VREF 
Reference 
Measured 
at Feedback 
Pin 
V 


Voltage 
VIN = 3.5V to 40V 
1.230 
1.214/1.206 
1.214/1.206 
V(min) 


VCOMP = 1.0V 
1.246/1.254 
1.246/1.254 
V(max) 


tlVREF/ 
Reference 
Voltage 
VIN = 3.5V to 40V 
0.5 
mV 
tlVIN 
Line Regulation 


IB 
Error Amp 
VCOMP = 1.0V 
100 
nA 


Input Bias Current 
300/800 
300/800 
nA(max) 


GM 
Error Amp 
ICOMP = -30JJoAto 
+30JJoA 
3700 
JJomho 


Transconductance 
VCOMP = 1.0V 
2400/1600 
2400/1600 
JJomho(min) 


4800/5800 
4800/5800 
JJomho(max) 


AVOL 
Error Amp 
VCOMP = 1.1Vto 
1.9V 
800 
VIV 


Voltage 
Gain 
RCOMP = 1.0 MO (Note 7) 
500/250 
500/250 
VIV(min) 


Error Amplifier 
Upper Limit 
2.4 
V 


Output Swing 
VFEEDBACK = 1.0V 
2.2/2.0 
2.2/2.0 
V(min) 


Lower Limit 
0.3 
V 


VFEEDBACK = 1.5V 
0.40/0.55 
0.40/0.55 
V(max) • 


Electrical 
Characteristics-LM 
1577-ADJ, LM2577-ADJ 
(Continued) 


Specifications 
with standard 
type face are for TJ = 25'C, 
and those 
in bold 
type 
face 
apply over full Operating 
Temperature 
Range. 
Unless 
otherwise 
specified, 
VIN = 5V, VFEEDBACK = VAEF, and ISWITCH = O. 


LM1S77-ADJ 
LM2S77-ADJ 
Units 
Symbol 
Parameter 
Conditions 
Typical 
Limit 
Limit 
(Limits) 
(Notes 
3, 4) 
(NoteS) 


DEVICE 
PARAMETERS 
(Continued) 


Error Amp 
VFEEDBACK = 1.0V to 1.5V 
±200 
/LA 
Output Current 
VCOMP = 1.0V 
±130/±90 
±130/±90 
/LA(min) 


±300/±400 
±300/±400 
/LA(max) 


Iss 
Soft Start Current 
VFEEDBACK = 1.0V 
5.0 
/LA 


VCOMP = OV 
2.5/1.5 
2.5/1.5 
/LA(min) 


7.5/9.5 
7.5/9.5 
/LA(max) 


D 
Maximum 
Duty Cycle 
VCOMP = 1.5V 
95 
% 


ISWITCH = 100 mA 
93/90 
93/90 
%(min) 


IlISWITCH/ 
Switch 
12.5 
AN 


llVCOMP 
Transconductance 


IL 
Switch 
Leakage 
VSWITCH = 65V 
10 
/LA 


Current 
VFEEDBACK = 1.5V (Switch 
Off) 
300/800 
300/800 
/LA(max) 


VSAT 
Switch 
Saturation 
'SWITCH = 2.0A 
0.5 
V 


Voltage 
VCOMP = 2.0V (Max Duty Cycle) 
0.7/0.9 
0.7/0.9 
V(max) 


NPN Switch 
VCOMP = 2.0V 
4.3 
A 
Current 
Limit 
3.7/3.0 
3.7/3.0 
A(min) 


5.3/8.0 
5.3/8.0 
A(max) 


THERMAL 
PARAMETERS 
(All Versions) 


IJJA 
Thermal 
Resistance 
K Package, 
Junction 
to Ambient 
35 


IJJC 
K Package. 
Junction 
to Case 
1.5 


IJJA 
T Package, 
Junction 
to Ambient 
65 


IJJC 
T Package, 
Junction 
to Case 
2 


IJJA 
N Package, 
Junction 
to 
85 
'C/W 
Ambient 
(Note 8) 


IJJA 
M Package, 
Junction 
100 
, 
to Ambient 
(Note 8) 


IJJA 
S Package, 
Junction 
to 
37 
Ambient 
(Note 9) 


Note 
1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Operating ratings indicate conditions 
the device is intended to 
be functional, 
but device parameter 
specifications 
may not be guaranteed 
under these conditions. 
For guaranteed 
specifications 
and test conditions, 
see the 


Electrical Characteristics. 


Note 2: Due to timing considerations 
of the LM1577/LM2577 
current limit circuit, output current cannot be internally limited when the LM1577/LM2577 
is used as a 


step-up 
regulator. 
To prevent 
damage 
to the switch, 
its current 
must be externally 
limited 
to 6.0A. However, 
output 
current 
is internally 
limited 
when 
the 


LM15771LM2577 
is used as a f1yback or forward converter 
regulator 
in accordance 
to the Application 
Hints. 


Note 
3: All limits guaranteed 
at room temperature 
(standard type face) and at temperature 
extremes 
(boldface 
type). 
All limits are used to calculate 
Outgoing 
Quality Level, and are 100% production 
tested. 


Note 
4: A 
military 
RETS 
electrical 
test 
specification 
is 
available 
on 
request. 
At 
the 
time 
of 
printing, 
the 
LM1577K-12/883, 
LM1577K-15/883, 
and 
LM1577K-ADJ/883AETSspecifications 
complied fully with the boldface 
limits in these columns. The LM1577K-12/883,LM1577K-15/883,and LM1577K-ADJ/ 


883 may also be procured 
to Standard 
Military Drawing specifications. 


Note 
5: All limits guaranteed 
at room temperature 
(standard 
type face) and at temperature 
extremes 
(boldface 
type). 
All room temperature 
limits are 100% 


production 
tested. All limits at temperature 
extremes are guaranteed 
via correlation 
using standard Statistical 
Quality Control (SOC) methods. 


Note 6: External components 
such as the diode, inductor, input and output capacitors 
can affect switching regulator performance. 
When the LM1577/LM2577 
is 


used as shown in the Test Circuit, system performance 
will be as specified 
by the system parameters. 


Note 7: A 1.0 MO resistor is connected 
to the compensation 
pin (which is the error amplifier's 
output) to ensure accuracy in measuring AVOL. In actual applications, 
this pin's load resistance 
should be ~ 10 MO, resulting in AVOL that is typically twice the guaranteed 
minimum limit. 


Note 
8: Junction 
to ambient thermal 
resistance 
with approximately 
1 square inch of pc board copper 
surrounding 
the leads. Additional 
copper 
area will lower 


thermal resistance 
further. See thermal model in "Switchers 
Made Simple" 
sotlware. 


Note 9: If the TO-263 package is used, the thermal resistance can be reduced by increasing the PC board copper area thermally connected 
to the package. Using 
0.5 square inches of copper area, 8JA is 5CfC/W; with 1 square inch of copper area, 8JA is 37'C/W; 
and with 1.6 or more square inches of copper area, 8JA is 
3'Z'C/W. 
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Order 
Number 
LM2577T-12, 
LM2577T-15, 
or LM2577T·ADJ 


See NS Package 
Number 
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Top View 


Order 
Number 
LM2577N-12, 
LM2577N-15, 


or LM2577N·ADJ 


See NS Package 
Number 
N16A 
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Side View 


Order 
Number 
LM2577S-12, 
LM2577S-15, 


or LM2577S·ADJ 


See NS Package 
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TS5B 


Bent, 
Staggered 
Leads 
5-Lead 
TO-220 In 
~:: 
!,- ''" 
4- 
Switch 


5- 
Ground 


2- 
Feedback 


1- 
Comp 


Top View 


Order 
Number 
LM2577T-12 
Flow 
LB03, 
LM2577T-15 


Flow 
LB03, or LM2577T·ADJ 
Flow 
LB03 
See NS Package 
Number 
T05D 


GND 
• 


24, 


CO~P 


25 
, 


FB 
22 
, 


GND 


4 
21 
, 


SWITCH { 


20, 


19 
, 


18 , 


V1N 


17 
, 


16 , 


, 
1D 
IS 
• 


, 11 
14 
, 


GND 12 
15, 
• No internal 
Connection 


TLIH/11468-7 
Top View 


Order 
Number 
LM2577M-12, 
LM2577M-15, 


or LM2577M·ADJ 
See NS Package 
Number 
M24B 


4-Lead 
TO-3 (K) 


CASE IS GROUND 


Bottom 
View 


Order 
Number 
LM1577K-12/883, 
LM1577K-15/883, 
or 


LM1577K·ADJ/883 
See NS Package 
Number 
K04A 
• 


Test Circuits 


LM1577-12, 
LM2577-12 


COUP 
f8 
LM1577/LM2577 


GNO 


COWP 
FB 


ft 
LM1577/LM2577 


GNO 


+ 
"oUT 
680 jJ.f 


TLIH/11468-9 


GOUT~ Sprague Type 673D 
R1 ~ 48.7k in series with 511ll (1%J 


Electrolytic 
680 I'F. 20V 
R2 ~ 5.62k (1%J 


FIGURE 
3. Circuit 
Used to Specify 
System 
Parameters 
for ADJ Versions 


·Resistors are internal 
to LM1577/LM2577 
for 
12V and 15V versions. 


STEP-UP 
(BOOSn 
REGULATOR 


Figure 
4 shows 
the 
LM1577-AOJ/LM2577-AOJ 
used 
as a 
Step-Up 
Regulator. 
This 
is a switching 
regulator 
used 
for 
producing 
an output 
voltage 
greater 
than 
the input 
supply 
voltage. 
The 
LM1577-12/LM2577-12 
and 
LM1577·151 
LM2577-15 
can 
also 
be 
used 
for 
step-up 
regulators 
with 
12V or 15V outputs 
(respectively), 
by tying the feedback 
pin 
directly 
to the regulator 
output. 


A 
basic 
explanation 
of 
how 
it works 
is as 
follows. 
The 


LM1577 ILM2577 
turns 
its output 
switch 
on and off at a fre- 
quency 
of 52 kHz, and this creates 
energy 
in the inductor 
(L). When 
the 
NPN 
switch 
turns 
on, the 
inductor 
current 
charges 
up at a rate of VIN/L, 
storing current 
in the inductor. 


When the switch 
turns off, the lower end of the inductor 
flies 
above VIN, discharging 
its current 
through 
diode (0) into the 
output 
capacitor 
(COUT) at a rate of (VOUT - 
VIN)/L. 
Thus, 


energy 
stored 
in the 
inductor 
during 
the 
switch 
on time 
is 


transferred 
to the output 
during the switch 
off time. The out- 
put voltage 
is controlled 
by the 
amount 
of energy 
trans- 
ferred 
which, 
in turn, 
is controlled 
by modulating 
the 
peak 


inductor 
current. 
This is done 
by feeding 
back 
a portion 
of 


the output 
voltage 
to the error amp, which 
amplifies 
the dif- 
ference 
between 
the feedback 
voltage 
and a 1.230V 
refer- 


ence. The error amp output 
voltage 
is compared 
to a volt- 


age proportional 
to the switch 
current 
(i.e., inductor 
current 


during the switch 
on time). 


Application 
Hints (Continued) 


The comparator 
terminates 
the switch 
on time when the two 
voltages 
are equal, thereby 
controlling 
the peak switch 
cur- 
rent to maintain 
a constant 
output 
voltage. 


Voltage 
and current 
waveforms 
for this circuit 
are shown 
in 
Figure 
5, and formulas 
for calculating 
them are given in Fig- 
ure 6. 


VSW~") 
-rI---r-r --- 


SAT 
_ L _..L....J__L- 


ov - - - - - - - - - - - - - 
~~:n::=F=l ::: 


V 
R _L.L...L _L- 


.........~ 
~J_ 
I.O(AVE)--~-~~ 
- - - -l-AI 
,ND 
0------------- 


'SW(PK) 
- - 
- -?"1- -~ 
-- 
o-_L-..Ll--L- 


Io(PK) -DIE--- 
------- 
IO(AVE)- 
- 
- - 
- - 
- - - - - 
0-- 
-- 
-- 


TL/H/11468-11 
FIGURE 
5. Step-Up 
Regulator 
Waveforms 


DutyCycle 
D 
VOUT+ VF - V,N 
VOUT 
- 
VIN 
VOUT+ VF - VSAT 
VOUT 


Average Inductor 
I,No(AVE) 
ILOAD 
Current 
1 - D 


Inductor Current 
t.1'No 
V,N- VSAT_D_ 
Ripple 
L 
52,000 


Peak Inductor 
I,No(PK) 
ILOAO(maxl 
+ 61lND 
Current 
1 - D(max) 
2 


Peak Switch 
'SW(PK) 
ILOAO{max) 
+ 61lND 
Current 
1 - D(max) 
2 


Switch Voltage 
VSW(OFF) 
VOUT+ VF 
WhenOff 


Diode Reverse 
VA 
VOUT- VSAT 
Voltage 


Average Diode 
'o(AVE) 
ILOAD 
Current 


Peak Diode 
lolPK) 
~+t.IINo 
Current 
1 - D(max) 
2 


Power Dissipation 
Po 
0.2511( 'LOAor D + ILOAoDV,N 
of LM1577/2577 
1-D 
50(1-D) 


VF = Forward Biased Diode Voltage 
ILOAD = Output Load Current 
FIGURE 
6. Step-Up 
Regulator 
Formulas 


STEP-UP 
REGULATOR 
DESIGN 
PROCEDURE 


The following 
design 
procedure 
can be used to select 
the 
appropriate 
external 
components 
for the circuit 
in Figure 
4, 
based 
on these 
system 
requirements. 


Given: 


V,N (min) = Minimum 
input supply 
voltage 
VOUT = Regulated 
output 
voltage 
ILOAD(max) = Maximum 
output 
load current 


Before 
proceeding 
any further, 
determine 
if the 
LM1577 / 
LM2577 
can provide 
these 
values 
of VOUT and 
ILOAD(max) 
when 
operating 
with the minimum 
value 
of V,N. The upper 
limits 
for VOUT and 
ILOAD(max) are given 
by the 
following 
equations. 


VOUT"; 
60V 
and 
VOUT"; 
10 X V,N(min) 
2.1A x VIN(min) 
ILOAD(max) ,,; 
V 
OUT 


These 
limits 
must 
be greater 
than 
or equal 
to the 
values 
specified 
in this application. 


1. Inductor 
Selection 
(L) 


A. Voltage 
Options: 


1. For 
12V or 15V output 


From Figure 7a (for 
12V output) 
or Figure 7b (for 
15V 
output), 
identify 
inductor 
code 
for region 
indicated 
by 


V,N (min) and 
ILOAD (max)' The 
shaded 
region 
indicates 
conditions 
for which 
the 
LM 1577 / LM2577 
output 
switch 
would 
be operating 
beyond 
its switch 
current 
rating. 
The 
minimum 
operating 
voltage 
for 
the 
LM1577/LM2577 
is 
3.5V. 


From here, proceed to step C. 


2. For Adjustable 
version 


Preliminary 
calculations: 


The inductor 
selection 
is based 
on the calculation 
of the 
following 
three 
parameters: 


D(max), the maximum 
switch 
duty cycle 
(0 ,,; D ,,; 0.9): 


D 
- 
VOUT + VF - 
V,N(min) 
(max) - 
VOUT + VF - 
0.6V 


where 
VF = 0.5V 
for 
Schottky 
diodes 
and 
0.8V 
for 
fast 
recovery 
diodes 
(typically); 


Ee T, the product 
of volts x time that charges 
the inductor: 


EeT = D(max) (V,N(min) - 
0.6V)106 
(Ve!-,s) 
52,000 
Hz 


IIND,DC, 
the average 
inductor 
current 
under 
full load; 


I 
_ 
1.05 x ILOAD(max) 
IND,DC - 
1 - 
D(max) 


B. Identify 
Inductor 
Value: 


1. From Figure 
7c, identify 
the inductor 
code for the region 
indicated 
by the intersection 
of EeT and I'ND DC. This code 
gives the inductor 
value 
in micro henries. 
The 
L or H prefix 
signifies 
whether 
the inductor 
is rated for a maximum 
EeT of 
90 Ve!-'s (L) or 250 Ve!-'s (H). 


2. If D < 0.85, go on to step C. If D ;;, 0.85, then calculate 
the 
minimum 
inductance 
needed 
to ensure 
the 
switching 
regulator'S 
stability: 


L 
_ 6.4 (V,N(min) - 
0.6V) (2D(max) - 
1) 
MIN - 
1 - 
D(max) 


If LMIN is smaller 
than the inductor 
value 
found 
in step 
B1, 
go on to step C. Otherwise, 
the inductor 
value found 
in step 
Bl 
is too low; an appropriate 
inductor 
code 
should 
be ob- 
tained 
from the graph 
as follows: 


1. Find the lowest value inductor 
that is greater 
than LMIN. 


2. Find where 
EeT intersects 
this inductor 
value 
to deter- 
mine if it has an L or H prefix. If EeT intersects 
both the 
Land 
H regions, 
select 
the inductor 
with an H prefix. 


... 
~ 
8 
:; 
o>•...~~ 
::E~ 
::E 
Z~ 


0.2 
0.3 0.4 
0.60.81.0 
1.75 


MAXIMUM 
lOAD 
CURRENT 
(A) 


0.2 
0.3 0.4 
0.6 0.8 1.0 
1.7 


MAXIMUM 
lOAD 
CURRENT 
(A) 


2.5 
3.0 


IIND,DC (A) 


FIGURE 
7c. LM1577-ADJ/LM2577-ADJ 
Inductor 
Selection 
Graph 


Note: 


These charts assume that the inductor ripple current inductor is approximately 
20% to 30% of the average inductor current (when the regulator is under full load). 


Greater ripple current causes higher peak switch currents and greater output ripple voltage; lower ripple current is achieved with larger-value inductors. The factor 
of 20 to 30% is chosen as a convenient 
balance between the two extremes. 
• 


Application 
Hints 
(Continued) 


C. Select 
an inductor 
from the table of Figure 8 which 
cross- 
references 
the inductor 
codes 
to the part numbers 
of three 
different 
manufacturers. 
Complete 
specifications 
for these 
inductors 
are available 
from 
the respective 
manufacturers. 


The inductors 
listed in this table 
have the following 
charac- 
teristics: 


AlE: ferrite, 
pot-core 
inductors; 
Benefits 
of this 
type 
are 
low 
electro-magnetic 
interference 
(EMI), 
small 
physical 
size, and very low power 
dissipation 
(core loss). 
Be care- 
ful 
not 
to 
operate 
these 
inductors 
too 
far 
beyond 
their 
maximum 
ratings 
for 
EeT and 
peak 
current, 
as this 
will 
saturate 
the core. 


Pulse: 
powdered 
iron, toroid 
core 
inductors; 
Benefits 
are 
low 
EMI and 
ability 
to withstand 
EeT and 
peak 
current 
above 
rated value 
better 
than ferrite 
cores. 


Renco: 
ferrite, 
bobbin-core 
inductors; 
Benefits 
are 
low 
cost 
and 
best 
ability 
to withstand 
EeT and peak 
current 
above 
rated 
value. 
Be aWl!re that these 
inductors 
gener- 
ate more EMI than the other types, 
and this may interfere 
with signals 
sensitive 
to noise. 


Inductor 
Manufacturer's 
Part Number 


Code 
Schott 
Pulse 
Renco 


L47 
67126980 
PE-53112 
RL2442 


L68 
67126990 
PE-92114, 
RL2443 


L100 
67127000 
PE-92108 
RL2444 


L150 
67127010 
PE-53113 
RL1954 


L220 
67127020 
PE - 52626 
RL1953 


L330 
67127030 
PE - 52627 
RL1952 


L470 
67127040 
PE-53114 
RL1951 


L680 
67127050 
PE - 52629 
RL1950 


H150 
67127060 
PE - 53115 
RL2445 


H220 
67127070 
PE - 53116 
RL2446 


H330 
67127080 
PE-53117 
RL2447 


H470 
67127090 
PE - 53118 
RL1961 


H680 
67127100 
PE - 53119 
RL1960 


H1000 
67127110 
PE - 53120 
RL1959 


H1500 
67127120 
PE - 53121 
RL1958 


H2200 
67127130 
PE - 53122 
RL2448 


Scholl Corp., (612) 475-1173 
1000 ParkersLake Rd.,Wayzata,MN 55391 
Pulse Engineering, (619) 268-2400 
P.O.Box 12235, San Diego,CA 92112 
Renco Electronics Inc., (516) 586-5566 
60 JeffrynBlvd.East,DeerPark,NY 11729 


FIGURE 
8. Table 
of Standardized 
Inductors 
and 
Manufacturer's 
Part Numbers 


2. Compensation 
Network 
(Re, Ce) and 
Output 
Capaci- 
tor 
(COUT) Selection 


Re 
and 
Ce form 
a pole-zero 
compensation 
network 
that 
stabilizes 
the regulator. 
The values 
of Re and Ce are mainly 
dependant 
on the regulator 
voltage 
gain, 'LOAD(max), Land 
COUT. The 
following 
procedure 
calculates 
values 
for 
Re, 
Ce, and COUT that ensure 
regulator 
stability. 
Be aware that 
this procedure 
doesn't 
necessarily 
result in Re and Ce that 
provide 
optimum 
compensation. 
In order to guarantee 
opti- 
mum 
compensation, 
one 
of 
the 
standard 
procedures 
for 
testing 
loop stability 
must be used, such as measuring 
VOUT 
transient 
response 
when 
pulsing 
ILOAD (see Figure 
t3). 


A. First, calculate 
the maximum 
value for RC 


750 x ILOAD(max) X VOUT2 
Re ,;; ------ 
------ 
V,N(min)2 


Select 
a resistor 
less 
than 
or equal 
to this 
value, 
and 
it 
should 
also be no greater 
than 3 k!l. 


B. Calculate 
the minimum 
value for COUT using the following 
two equations. 
. 


0.19 x L x Re x ILOAD(max) 
COUT " 
---------- 
VIN(min) x VOUT 


and 


V,N(min) x Re x (V,N(min) + (3.74 x 105 x L)) 


COUT" 
487,800 
x Vouil 


The 
larger 
of these 
two values 
is the 
minimum 
value 
that 
ensures 
stability. 


C. Calculate 
the minimum 
value of Ce. 


58.5 x VOUT2 x COUT 
Ce " 
-------- 
Re2 x V,N(min) 


The 
compensation 
capacitor 
is also 
part 
of the 
soft 
start 
circuitry. 
When 
power 
to 
the 
regulator 
is turned 
on, 
the 
switch 
duty cycle 
is allowed 
to rise at a rate controlled 
by 
this 
capacitor 
(With no control 
on the 
duty 
cycle, 
it would 
immediately 
rise to 90%, 
drawing 
huge 
currents 
from 
the 
input 
power 
supply). 
In order 
to operate 
properly, 
the 
soft 
start circuit 
requires 
Ce " 
0.22 J.LF. 


The 
value 
of the 
output 
filter 
capacitor 
is normally 
large 
enough 
to require 
the use of aluminum 
electrolytic 
capaci- 
tors. 
Figure 
9 lists several 
different 
types 
that 
are recom- 
mended 
for switching 
regulators, 
and the following 
parame- 
ters are used to select 
the proper 
capacitor. 


Working 
Voltage 
(WVDC): 
Choose 
a capacitor 
with a work- 
ing voltage 
at least 
200/'; higher 
than 
the 
regulator 
output 
voltage. 


Ripple 
Current: 
This is the maximum 
RMS value 
of current 
that charges 
the capacitor 
during 
each switching 
cycle. 
For 
step-up 
and flyback 
regulators, 
the formula 
for ripple current 
is 


I 
ILOAD(max) x D(max) 
RIPPLE(RMS) = 
1 - 
D(max) 


Choose 
a capacitor 
that 
is rated 
at least 
50% 
higher 
than 
this value at 52 kHz. 


Equivalent 
Series 
Resistance 
(ESR): 
This 
is the 
primary 
cause of output 
ripple voltage, 
and it also affects 
the values 
of Re and Ce needed 
to stabilize 
the regulator. 
As a result, 
the 
preceding 
calculations 
for Ce and 
Re are only 
valid 
if 
ESR doesn't 
exceed 
the 
maximum 
value 
specified 
by the 
following 
equations. 


ESR ,;; 0.01 x VOUT and ,;; 8.7 x (10)- 
3 x V,N 


IRIPPLE(P-P) 
ILOAD(max) 


1.15 x ILOAD(max) 
IRIPPLE(P-P) = 
1 
D 
- 
(max) 


Select 
a capacitor 
with ESR, at 52 kHz, that is less than or 
equal to the lower value calculated. 
Most electrolytic 
capac- 
itors specify 
ESR at 120 Hz which 
is 15% 
to 30% 
higher 
than 
at 52 kHz. Also, 
be aware 
that 
ESR increases 
by a 
factor 
of 2 when 
operating 
at - 20·C. 


Application 
Hints 
(Continued) 


In general, 
low values 
of ESR are achieved 
by using 
large 
value 
capacitors 
(C ~ 
470 
",F), 
and 
capacitors 
with 
high 
WVOC, or by paralleling 
smaller-value 
capacitors. 


3. Output 
Voltage 
Selection 
(R1 and 
R2) 


This 
section 
is for 
applications 
using 
the 
LM1577-AOJ/ 


LM2577-AOJ. 
Skip this section 
if the LM1577-12/LM2577- 


12 or LM1577-15/LM2577-15 
is being used. 


With 
the 
LM1577-AOJ/LM2577-AOJ, 
the output 
voltage 
is 


given 
by 


VOUT = 1.23V (1 + R1/R2) 


Resistors 
R1 and 
R2 divide 
the output 
down 
so it can 
be 


compared 
with 
the 
LM 1577 -AOJ/ LM2577 -AOJ 
internal 


1.23V reference. 
For a given 
desired 
output 
voltage 
VOUT, 
select 
R1 and R2 so that 


~ 
= VOUT _ 
1 
R2 
1.23V 


4. Input 
Capacitor 
Selection 
(CIN) 


The switching 
action 
in the step-up 
regulator 
causes 
a trian- 


gular ripple current 
to be drawn from the supply source. 
This 


in turn causes 
noise 
to appear 
on the supply 
voltage. 
For 


proper operation 
of the LM 1577, the input voltage 
should 
be 


decoupled. 
Bypassing 
the 
Input 
Voltage 
pin 
directly 
to 


Cornell 
Dubller-Types 
239, 250, 251, UFT, 300, 


or 350 


P.O. Box 128, Pickens, 
SC 29671 


(803) 878-6311 


Nlchlcon-- 
Types 
PF, PX, or PZ 


927 East Parkway, 
Schaumburg, 
IL 60173 


(708) 843-7500 


Sprague-Types 
6720, 
6730, 
or 6740 


Box 1, Sprague 
Road, 
Lansing, 
NC 28643 


(919) 384-2551 


United 
Cheml-Con-- 
Types 
LX, SXF, or SXJ 


9801 West 
Higgins 
Road, 
Rosemont, 
IL 60018 


(708) 696-2000 


FIGURE 
9. Aluminum 
Electrolytic 
Capacitors 
Recommended 
for Switching 
Regulators 


ground 
with 
a good 
quality, 
low 
ESR, 
0.1 
",F 
capacitor 


(leads 
as short as possible) 
is normally 
sufficient. 


If the 
LM1577 
is located 
far from 
the 
supply 
source 
filter 


capacitors, 
an 
additional 
large 
electrolytic 
capacitor 
(e.g. 


47 I-'F) is often 
required. 


5. Diode 
Selection 
(D) 


The switching 
diode 
used in the boost 
regulator 
must with- 


stand 
a reverse 
voltage 
equal to the circuit 
output 
voltage, 


and must conduct 
the peak output 
current 
of the LM2577. 
A 


suitable 
diode 
must 
have 
a minimum 
reverse 
breakdown 


voltage 
greater 
than 
the circuit 
output 
voltage, 
and should 
be 
rated 
for 
average 
and 
peak 
current 
greater 
than 
ILOAO(max) and IO(PK). Schottky 
barrier 
diodes 
are often 
fa- 


vored for use in switching 
regulators. 
Their low forward 
volt- 


age drop 
allows 
higher 
regulator 
efficiency 
than 
if a (less 


expensive) 
fast recovery 
diode was used. See Figure 
10 for 


recommended 
part numbers 
and voltage 
ratings 
of 1A and 


3A diodes. 


VOUT 
Schottky 
Fast Recovery 


(max) 
1A 
3A 
1A 
3A 


20V 
1N5817 
1N5820 


MBR120P 
MBR320P 


1N5818 
1N5821 


30V 
MBR130P 
MBR330P 


110003 
310003 


1N5819 
1N5822 


40V 
MBR140P 
MBR340P 


110004 
310004 


MBR150 
MBR350 
1N4933 


50V 
110005 
310005 
MUR105 


1N4934 
MR851 


100V 
HER102 
300L1 


MUR110 
MR831 


10011 
HER302 


Application 
Hints 
(Continued) 


BOOST 
REGULATOR 
CIRCUIT 
EXAMPLE 


By adding 
a few external 
components 
(as shown 
in Figure 
11), the LM2577 
can be used to produce 
a regulated 
output 
voltage 
that 
is greater 
than the applied 
input voltage. 
Typi· 


cal performance 
of this regulator 
is shown 
in Figures 
12 and 
13. The switching 
waveforms 
observed 
during the operation 
of this circuit 
are shown 
in Figure 
14. 


2 


rEEO- 


BACK 


Note: Pin numbers shown are for TO-220 en package. 
FIGURE 
11. Step-up 
Regulator 
Delivers 
12V from 
a 5V Input 
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B 
400 mA 


11.990 


11.9B5 
~ 
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w 
11.975 
'"~ 11.970 
0>~ 11.965 
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=> 
11.960 
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11.950 


1\ = 15fi 
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4.0 
5.0 
6.0 
7.0 
8.0 
9.0 
10.0 11.0 


INPUT 
VOLTAGE 
(V) 
TLIH/11468-14 
FIGURE 
12. Line Regulation 
(Typical) 
of Step-Up 
Regulator 
of Figure 
11 


TL/H/11468-15 
FIGURE 
13. Load 
Transient 
Response 
of Step-Up 
Regulator 
of Figure 
11 


A: Output Voltage Change, 100 mVldiv. 
lAC-coupled) 
B: Load current, 0.2 A/div 
Horizontal: 
5 ms/dlv 


TL/H/11468-16 
FIGURE 
14. Switching 
Waveforms 
of Step-Up 
Regulator 
of Figure 
11 


A: Switch pin voltage, 10 V/div 
8: Switch pin current, 2 A/div 
C: Inductor current, 2 A/div 
0: Outpul ripple voltage, 
100 mV/div 
(AC-coupled) 
Horizontal: 
5 ILs/dlv 


Application 
Hints 
(Continued) 


FLYBACK 
REGULATOR 


A Flyback 
regulator 
can 
produce 
single 
or multiple 
output 


voltages 
that are lower or greater 
than the input supply volt- 


age. Figure 
15 shows 
the 
LM1577/LM2577 
used as a f1y- 


back regulator 
with positive 
and negative 
regulated 
outputs. 
Its operation 
is similar 
to a step-up 
regulator, 
except 
the 


output 
switch 
contois 
the primary 
current 
of a flyback 
trans- 
former. 
Note 
that 
the primary 
and secondary 
windings 
are 


out of phase, 
so no current 
flows 
through 
secondary 
when 


current 
flows through 
the primary. This allows the primary to 


charge 
up the transformer 
core when the switch 
is on. When 


the switch 
turns off, the core discharges 
by sending 
current 


through 
the 
secondary, 
and 
this 
produces 
voltage 
at the 


outputs. 
The output 
voltages 
are controlled 
by adjusting 
the 


peak primary 
current, 
as described 
in the step-up 
regulator 


section. 


Voltage 
and current 
waveforms 
for this circuit 
are shown 
in 


Figure 
16, and 
formulas 
for calculating 
them 
are given 
in 


Figure 
17. 


FL YBACK 
REGULATOR 
DESIGN 
PROCEDURE 


1. Transformer 
Selection 


A family of standardized 
flyback 
transformers 
is available 
for 


creating 
f1yback 
regulators 
that 
produce 
dual 
output 
volt- 


ages, 
from 
± 1OV to ± 15V, as shown 
in Figure 
15. Figure 


18 lists 
these 
transformers 
with 
the 
input 
voltage, 
output 


voltages 
and maximum 
load current 
they are designed 
for. 


2. Compensation 
Network 
(Ce. Rcl and 


Output 
Capacitor 
(COUT) Selection 


As explained 
in the 
Step-Up 
Regulator 
Design 
Procedure, 


Ce. Re and COUT must be selected 
as a group. The follow- 


ing 
procedure 
is for 
a dual 
output 
flyback 
regulator 
with 


equal turns 
ratios for each secondary 
(i.e., both output 
volt- 


ages 
have 
the 
same 
magnitude). 
The 
equations 
can 
be 


used for a single 
output 
regulator 
by changing 
~ILOAD(max) 


to 'LOAD(max) in the following 
equations. 


A. First, calculate 
the maximum 
value 
for Re. 


R 
750 X ~ILOAD(max) X (15V + V,N(min)N)2 
e';; 


V,N(min)2 


5 
4 


CIN 
VIN 
SWITCH 
2 


COIolP 
F.B. 


Rc 
LM2577-ADJ 


GND 


Cc 


T1 ~ PulseEngineering,PE-65300 


D1, D2 = lN5821 


Where 
~ILOAD(max) is the sum of the load current 
(magni- 


tude) required 
from both outputs. 
Select 
a resistor 
less than 
or equal to this value, 
and no greater 
than 3 kn. 


B. Calculate 
the minimum 
value for ~COUT (sum of COUT 


at both outputs) 
using the following 
two equations. 


C 
0.19 x Re x Lp X ~ILOAD(max) 
OUT:?: ------------ 
15V x V,N(min) 


and 


V,N(min) x ReX N2X (V'N(min) + (3.74 X 105x Lp)) 
COUT:?:-~~-----~~------- 
487,800X(15V)2 
X(15V + V,N(min) X N) 


The larger of these two values 
must be used to ensure 
regu- 


lator stability. 


VSW~fF) 
-r-,- -"'IT - - - 


SAT _L _ L-J__~ 
ov - - - - - - - - - - - - - 
:~:rt.Jl 
vR 
- 
- 
-- 
j Alp(PK) 


Ip(PK) -iLU1--- 
---- 
_. 
-T 
0- 
-- 
---- 


ID(PK)-~--- 
------- 


~~~:ENT 
ID(AVE) 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


0- 
- 
- 
-- 


TL/H/11468-17 


FIGURE 
16. Flyback 
Regulator 
Waveforms 


R1 .I: C 
OUT 


FIGURE 
15. LM1577-ADJ/LM2577-ADJ 
Flyback 
Regulator 
with 
± Outputs 


3-97 


-_. 
. 


N (YIN) + YOUT 


Primary Current 
t.'p 
o (YIN - 
YSAT) 


Variation 
Lp x 52,000 


Peak Primary 
Ip(PK) 
N 
~ILOAD 
t.lpK 
-x---+-- 
Current 
'I) 
1 - 
0 
2 


Switch 
Yoltage 
YSW(OFF) 
YOUT + YF 


when Off 
YIN + 
N 


Diode Reverse 
YR 
YOUT+ 
N (VIN- 
YSAT) 
Yoltage 


Average 
Diode 
'D(AVE) 
ILOAD 
Current 


Peak Diode 
ID(PK) 
ILOAD 
t.IIND 


Current 
--+-- 
1 - 
0 
2 


short 
Circuit 
SA 


Diode Current 
- 
zN 


Power Dissipation 
PD 
0.250 
(N 
~ILOAD ) 
2 
+ 
of LM1577 /LM2577 
1 - 
0 


N ILOADD 
50 (1 - 
D) YIN 
- 


N = Transformer 
Turns Ratio = 
number of secondary turns 


number 
of primary turns 


Tj = Transformer 
Efficiency 
(typically 0.95) 


llLOAO ~ 1+ILOAol+ I-ILOAOI 


FIGURE 
17. Flyback 
Regulator 
Formulas 


C. Calculate 
the minimum 
value of Cc 
This formula 
can 
also 
be used 
to calculate 
the 
maximum 


58.5 x COUT X YOUT X (YOUT + 
(YIN(min) x 
N» 
ESR of a single 
output 
regulator. 
Cc ~ 
At this point, refer to this same section 
in the Step-Up 
Reg- 
Rc2 x YIN(min) X N 


D. Calculate 
the maximum 
ESR of the 
+ YOUT and 
- YOUT 
ulator 
Design 
Procedure 
for more 
information 
regarding 


output 
capacitors 
in parallel. 
the selection 
of COUTo 


ESR+ 
IIESR_,;; 
8.7 x 
10-3 
x YIN(min) X YOUT X N 
~ILOAD(max) X (YOUT+ 
(VIN(min) x 
N» 


Application 
Hints 
(Continued) 


3. Output 
Voltage 
Selection 


This 
section 
is for 
applications 
using 
the 
LM1577-ADJI 
LM2577-ADJ. 
Skip this section 
if the LM1577-12/LM2577- 


12 or LM1577-15/LM2577-15 
is being used. 


With the 
LM1577-ADJ/LM2577-ADJ, 
the output 
voltage 
is 


given 
by 


VOUT = 1.23V (1 + R1/R2) 


Resistors 
R1 and 
R2 divide 
the output 
voltage 
down 
so it 


can be compared 
with the LM1577-ADJ/LM2577-ADJ 
inter- 


nal 
1.23V 
reference. 
For 
a desired 
output 
voltage 
VOUT, 
select 
R1 and R2 so that 


~= 
VOUT_1 
R2 
1.23V 


4. Diode 
Selection 


The switching 
diode 
in a flyback 
converter 
must withstand 


the reverse 
voltage 
specified 
by the following 
equation. 


VIN 
VR = VOUT + N 


A suitable 
diode 
must have a reverse 
voltage 
rating greater 


than 
this. 
In addition 
it must 
be rated 
for 
more 
than 
the 


average 
and peak diode currents 
listed 
in Figure 
17. 


5. Input 
Capacitor 
Selection 


The 
primary 
of a f1yback transformer 
draws 
discontinuous 


pulses 
of current 
from 
the 
input 
supply. 
As a result, 
a fly- 


Transformer 
Input 
Dual 
Maximum 


Output 
Output 
Type 
Voltage 
Voltage 
Current 


Lp = 100 fLH 
5V 
±10V 
325 mA 


1 
N = 1 
5V 
±12V 
275 mA 


5V 
±15V 
225 mA 


10V 
±10V 
700 mA 


10V 
±12V 
575 mA 


2 
Lp = 200 fLH 
10V 
±15V 
500 mA 


N = 0.5 
12V 
±10V 
800 mA 


12V 
±12V 
700 mA 


12V 
±15V 
575 mA 


3 
Lp = 250 fLH 
15V 
±10V 
900 mA 


N = 0.5 
15V 
±12V 
825 mA 


15V 
±15V 
700 mA 


Transformer 
Manufacturers' 
Part Numbers 


Type 
AlE 
Pulse 
Renco 


1 
326-0637 
PE-65300 
RL-2580 


2 
330-0202 
PE-65301 
RL-2581 


3 
330-0203 
PE-65302 
RL-2582 


FIGURE 
18. Flyback 
Transformer 
Selection 
Guide 


back 
regulator 
generates 
more 
noise 
at the 
input 
supply 


than 
a step-up 
regulator, 
and this requires 
a larger 
bypass 
capacitor 
to 
decouple 
the 
LM1577 ILM2577 
VIN pin from 
this noise. For most applications, 
a low ESR, 1.0 fLF cap will 
be sufficient, 
if it is connected 
very 
close 
to the 
VIN and 
Ground 
pins. 


In addition 
to this bypass 
cap, a larger capacitor 
(;;, 47 fLF) 


should 
be used where 
the flyback 
transformer 
connects 
to 


the input supply. 
This will attenuate 
noise which 
may inter- 


fere with other 
circuits 
connected 
to the same input supply 


voltage. 


6. Snubber 
Circuit 


A "snubber" 
circuit 
is required 
when 
operating 
from 
input 


voltages 
greater 
than 10V, or when using a transformer 
with 


Lp ;;, 200 fLH. This circuit 
clamps 
a voltage 
spike 
from 
the 


transformer 
primary that occurs 
immediately 
after the output 


switch 
turns 
off. Without 
it, the switch 
voltage 
may exceed 


the 65V maximum 
rating. As shown 
in Figure 
19, the snub- 


ber consists 
of a fast recovery 
diode, and a parallel 
RC. The 


RC values 
are selected 
for switch 
clamp 
voltage 
(VCLAMP) 


that is 5V to 10V greater 
than VSW(OFF). Use the following 
equations 
to calculate 
Rand 
C; 


C 
0.02 
x 
Lp X Ip(PK)2 
;;, 
2 
(VCLAMP) 
- 
(VSW(OFFj)2 


R,;; 
(VCLAMP + VSW(OFF) - 
VIN)2 
X (19.2 
x 
10-4) 


2 
Lp X Ip(PK)2 


Power 
dissipation 
(and power 
rating) 
of the resistor 
is; 


P = (VCLAMP + V~W(OFF) - 
VINr/R 


The fast recovery 
diode must have a reverse 
voltage 
rating 


greater 
than VCLAMP. 


VI~O 
+5V 1 
,Jl!t 
••••• 
rAST 
RECOVERY 
DIODE 
• 


SWITCH 
• 
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Hints (Continued) 


FLYBACK 
REGULATOR 
CIRCUIT 
EXAMPLE 


The circuit 
of Figure 
20 produces 
± 15V (at 225 mA each) 


from a single 5V input. The output 
regulation 
of this circuit is 


shown 
in Figures 
21 and 22, while 
the 
load 
transient 
re- 


sponse 
is shown in Figures 23 and 24. Switching 
waveforms 


seen in this circuit 
are shown 
in Figure 25. 


V1N 


5V 
01 


T 1 


C1N 
1: N 


100!'~ 
• 
II 


l.p 


15.180 


15.160 


2:- 
15.140 
.... 
15.120 
'-'; 


15.100 
0> 
•.... 


15.080 
::>~ 
::> 
15.060 
0 


15.040 


15.020 


NOTE: PIN NUMBERS 


SHOWN ARE FOR THE 
TO-220 
(T) 
PACKAGE. 


+VOUT 


+15V 
@225mA 


-VOUT 


-15V 
@225mA 


COUT 
.I470!'F 


'\ 
- 
60n 


(+ 15V 
OUTPUT) 


"\. 


4.0 
6.0 
8.0 
10.0 12.0 14.0 16.0 18.0 


INPUT VOLTAGE 
(V) 


TUH/11468-21 


FIGURE 
21. Line Regulation 
(Typical) 
of Flyback 
Regulator 
of Figure 
20, + 15V Output 


15.240 


15.220 


~ 
15.200 
.... 
15.180 
'-' 
-<~ 
15.160 
0> 
•.... 


15.140 
::>~ 
::> 
15.120 
0 


15.100 


15.080 


'\ 
- 
60n 


(-15V 
OUTPUT) 


1\ 
\\ 


4.0 
6.0 
8.0 
10.0 12.0 14.0 16.0 18.0 


INPUT VOLTAGE (V) 


TLlH/11468-22 


FIGURE 
22. Line Regulation 
(Typical) 
of Flyback 


Regulator 
of FIgure 
20, - 15V Output 


( 


lDOmV 


A 
-100m: 


( 


200mA 


Bloom: 


TL/H/11468-23 
FIGURE 
23. Load 
Transient 
Response 
of Flyback 


Regulator 
of Figure 
20, + 15V Output 


A; Output Voltage Change, 
tOO mV/div 
B: Output Current, 100 mA/div 
Horizontal: 
10 ms/div 


( 


100mV 


A -100m: 


TLIH/11468-24 


FIGURE 
24. Load 
Transient 
Response 
of Flyback 
Regulator 
of Figure 
20, - 15V Output 


A; Output Voltage Change, 100 mV/div 
8: Output Current, 100 mA/div 
Horizontal: 
10 ms/dlv 


Aeo: 


B ( 2: 


c( 1: 


TLIH/t 1468-25 
FIGURE 
25. Switching 
Waveforms 
of Flyback 
Regulator 
of Figure 
20, Each Output 
Loaded 
with 
600 


A: Switch pin voltage, 20 V/div 
8: Primary current, 2 A/div 
c: + 15V Secondary 
current, 
1 AI div 
0: +15V 
Output ripple voltage, 
100 mV/div 
Horizontal: 
5 /Ls/dlv 
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t!fINational 
Semiconductor 


LM 1578A/LM2578A/LM3578A 
Switching Regulator 


General Description 


The LM1578A 
is a switching 
regulator 
which 
can easily 
be 


set up for such DC-to-DC 
voltage 
conversion 
circuits 
as the 


buck, 
boost, 
and 
inverting 
configurations. 
The 
LM1578A 


features 
a unique 
comparator 
input 
stage 
which 
not 
only 


has separate 
pins for both 
the inverting 
and 
non-inverting 


inputs, 
but also provides 
an internal 
1.0V reference 
to each 


input, 
thereby 
simplifying 
circuit 
design 
and p.c. board 
lay- 
out. The 
output 
can 
switch 
up to 750 mA and 
has output 


pins for its collector 
and emitter 
to promote 
design flexibility. 
An external 
current 
limit terminal 
may be referenced 
to ei- 


ther the ground 
or the Vin terminal, 
depending 
upon the ap- 


plication. 
In addition, 
the LM1578A 
has an on board oscilla- 
tor, which 
sets the switching 
frequency 
with a single 
exter- 


nal capacitor 
from 
<1 
Hz to 100 kHz (typical). 
. 


The LM1578A 
is an improved 
version 
of the LM1578, 
offer- 
ing higher 
maximum 
ratings 
for the total supply voltage 
and 


output 
transistor 
emitter 
and collector 
voltages. 


Features 


• 
Inverting 
and non-inverting 
feedback 
inputs 


.• 
1.0V reference 
at inputs 


• 
Operates 
from 
supply 
voltages 
of 2V to 40V 


• 
Output 
current 
up to 750 mA, saturation 
less than 
0.9V 


• 
Current 
limit and thermal 
shut down 


• 
Duty cycle 
up to 90% 


Applications 


• 
Switching 
regulators 
in buck, 
boost, 
inverting, 
and 
single-ended 
transformer 
configurations 


• 
Motor 
speed 
control 


• 
Lamp flasher 


PIN 1 


INPUTS 


PIN 2 


VIN 


PIN 8 


CURRENT 


LIMIT 
PIN 7 


LATCH 
GATES 


AND DRIVER 


V 
110mV 


COLLECTOR 


PIN 6 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Maximum 
Junction 
Temperature 
150'C 


please 
contact 
the 
National 
Semiconductor 
Sales 
ESD Tolerance 
(Note 4) 
2 kV 


Office/Distributors 
for 
availability 
and 
specifications. 


Total Supply Voltage 
50V 
Operating Ratings 


Collector 
Output to Ground 
-0.3Vto 
+50V 
Ambient 
Temperature 
Range 


Emitter Output to Ground 
(Note 2) 
-Wto 
+50V 
LM1578A 
- 55'C 
s: TA s: + 125'C 


Power Dissipation 
(Note 3) 
Internally 
limited 
LM2578A 
-40'C 
s: TA s: +85'C 


Output Current 
750 mA 
LM3578A 
O'C s: TA s: + 70'C 


Storage 
Temperature 
- 65'C to + 150'C 
Junction 
Temperature 
Range 
LM1578A 
- 55'C 
s: TJ s: + 150'C 


Lead Temperature 
LM2578A 
-40'C 
s: TJ s: + 125'C 


(soldering, 
10 seconds) 
260'C 
LM3578A 
O'C s: TJ s: + 125'C 


Electrical Characteristics 
These 
specifications 
apply for 2V s: VIN s: 40V (2.2V s: VIN s: 40V for TJ s: - 25'C), 
timing capacitor 
CT = 3900 pF, and 25% 


s: duty cycle 
s: 75%, 
unless otherwise 
specified. 
Values 
in standard 
typeface 
are for TJ = 25'C; 
values 
in boldface 
type 
apply 


for operation 
over the specified 
operating 
junction 
temperature 
range. 


LM1578A 
LM2578A1 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
LM3578A 
Units 
(Note 
5) 
(Notes 
6, 11) 
limit 
. 
(Note 
7) 


OSCILLATOR 
.. , 


fOSC 
Frequency 
20 
kHz 


22.4 
24 
kHz (max) 


17.6 
16 
kHz (min) 


AfoscnT 
Frequency 
Drift with 
-0.13 
%rC 


Temperature 
. 
~, 
to.,. 
o "C' 


Amplitude 
. 
550 
mVp_p 


REFERENCE/COMPARATOR 
(Note 
8) 


VR 
Input Reference 
11 = 12 = OmAand 
1.0 
V 


Voltage 
11 = 12 = 1 mA ±1% 
(Note 9) 
1.035/1.050 
1.050/1.070 
V (max) 


0.965/0.950 
0.950/0.930 
V (min) 


AVR/AVIN 
Input Reference 
Volt- 
11 = 12 = OmAand 
0.003 
%N 


age Line Regulation 
11 = 12 = 1 mA ±1% 
(Note 9) 
0.01/0.02 
0.01/0.02 
%N(max) 


IINV 
Inverting 
Input 
11 = 12 = 0 mA, duty cycle = 25% 
0.5 
jJ.A 


Current 


Level Shift Accuracy 
Level Shift Current = 1 mA 
1.0 
% 


5/8 
10/13 
% (max) 


AVR/At 
Input Reference 
100 
ppm/1000h 


Voltage 
Long Term 


Stability 
I 


OUTPUT 
. 


Vc(sat) 
Collector 
Saturation 
Ic = 750 mA pulsed, 
Emitter 
0.7 
V 


Voltage 
grounded 
0.85/1.2 
0.90/1.2 
V (max) 


VE(sat) 
Emitter Saturation 
10 = 80 mA pulsed, 
1.4 
V 
Voltage 
VIN = Vc = 40V 
1.6/2.1 
1.7/2.0 
V (max) 


ICES 
Collector 
Leakage 
VIN = VCE = 40V, Emitter 
0.1 
jJ.A 


Current 
grounded, 
Output OFF 
50/100 
200/250 
jJ.A(max) 


BVCEO(SUS) 
Collector-Emitter 
ISUST = 0.2A (pulsed), 
VIN = 0 
60 
V 


Sustaining 
Voltage 
50 
50 
V (min) • 


VCL 
Sense Voltage 
Referred 
to VIN or Ground 
110 
mV 


Shutdown 
Level 
(Note 10) 
95 
80 
mV(min) 


140 
160 
mV(max) 


.<l.VCL/.<l.T 
Sense Voltage 
0.3 
%rC 


Temperature 
Drift 


ICL 
Sense 
Bias Current 
Referred 
to VIN 
4.0 
,...A 


Referred 
to ground 
0.4 
,...A 


IS 
Supply Current 
Output OFF. VE = OV 
2.0 
mA 


3.0/3.3 
3.5/4.0 
mA(max) 


Output ON. Ic = 750 mA pulsed. 
14 
mA 


VE = OV 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications 
do not apply when operating 
the device beyond its rated operating 
conditions. 


Note 2: For TJ ~ 1DOGe, the Emitter pin voltage should not be driven more than O.6V below ground (see Application 
Information). 


Note 3: At elevated temperatures, 
devices must be derated based on package thermal resistance. The device in the TO·99 package must be derated at 150°C/W, 
junction to ambient, or 45°C/W, 
junction to case. The device in the a-pin DIP must be derated at 95°C/W, 
junction to ambient. The device in the surface-mount 
package must be derated at 1500C/W, junction-to-ambient. 


Note 4: Human body model, 1.5 kO in series with 100 pF. 


Note 5: Typical values are for TJ = 25°C and represent 
the most likely parametric 
norm. 


Note 6: AU limits guaranteed and 100% production tested at room temperature 
(standard type face) and at temperature 
extremes 
(bold type face). All limits are 
used to calculate 
Average Outgoing Quality Level (AOQL). 


Note 
7: All limits guaranteed 
at room temperature 
(standard 
type face) and at temperature 
extremes 
(bold 
type 
face). 
Room temperature 
limits are 100% 
production 
tested. Limits at temperature 
extremes 
are guaranteed 
via correlation 
using standard Statistical 
Quality Control (SQC) methods. All limits are used to 
calculate 
AOQL. 


Note 8: Input terminals are protected from accidental 
shorts to ground but if external voltages higher than the reference voltage are applied, excessive current will 
flow and should be limited to less than 5 mA. 


Note 9: 11 and 12 are the external sink currents at the inputs (refer to Test Circuit). 


Note 
10: Connection 
of a 10 kfi 
resistor from pin 1 to pin 4 will drive the duty cycle to its maximum, typically 90%. Applying the minimum Current Limit Sense 
Voltage to pin 7 will not reduce the duty cycle to less than 50%. Applying the maximum Current Limit Sense Voltage to pin 7 is certain to reduce the duty cycle 
below 50%. Increasing this voltage by 15 mV may be required to reduce the duty cycle to 0%, when the Collector output swing is 40Vor 
greater (see Ground-Re- 
ferred Current Limit Sense Voltage typical curve). 


Note 
11: A military RETS specification 
is available on request. At the time of printing, the LM1578A RETS spec complied with the boldface 
limits in this column. 


The LM1578AH 
may also be procured as a Standard Military Drawing. 
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TL/H/8711-29 


Order 
Number 
LM3578AM, 
LM2578AN 
or LM3578AN 


See NS Package 
Number 
M08A or N08E 


Top View 


Order 
Number 
LM1578AH/883 
or SMD #5962·8958602 
See NS Package 
Number 
H08C 


ua"llla 
•....,1I ••••"t •.•..••• 
-7 
"'""W."l::f .••. 
- 


with 
Temperature 
Oscillator 
Voltage 
Swing 
Drift 
with 
Temperature 


1.3 
BOO 
1 


1.030 


12 
7SO 
1.020 
V 
...•.. 


~ 
UPPER 
L1WIT -- 
~ 
~ 
! 
700 
1.010 


1.1 
~ 
1.000 
8 -- 
~ 


300 
- 
-- 
eo 
f-.. 


~ 
0.990 
B 
1.0 
'" 
...•.• 
lli 
2SO 
~ 
~ 
•...... 
V 
0.980 
-< 
03 
~ 
l...-- 
-l- 
I 


..••.. ...•.• 
~ 
200 


~OWERLIWIT 
;0.970 
- 
I- 
0.8 
ISO 
0360 
e,=.nF 


0.7 
100 
0.9SO 


-so 
-25 
0 
25 
SO 
7S 
100 
125 
'SO 
-SO 
-25 
0 
25 
SO 
75 
100 
125 
ISO 
-SO 
-25 
0 
25 
SO 
75 
100 
125 
1SO 


TEIlPERAlURE 
(OC) 
TEIlPERAlURE 
(OC) 
lEWPERAlURE 
(OC) 


Collector 
Saturation 
Voltage 
Emitter 
Saturation 
Voltage 
(Sinking 
Current, 
(Sourcing 
Current, 
Ground 
Referred 


Emitter 
Grounded) 
Collector 
at Vln) 
Current 
Limit 
Sense 
Voltage 


,.0 


V~~15V 
~ 


~ 


1.0 


I 


100 
/ 


1=20kHz 
V'N 
= 15V 
C=.OV 
SW'NG 


3: 


0.8 
i?y 
0.8 
80 
E=GROUNO 


~ 
/,' 
"''' 
3: 
g 
'NV 
'NPUT= 


•..." 


~ 


10 kll 
TO ONO 
0.6 
0.6 
60 


B 
'/ /5"" 


.P 
~ ~ 
~ 
/ 
.,<> 
a 
~ 
I 


0.-. 
"....1--- 


~ 


0.-. 
:q f 
~ 


.c 
// / 


•..., 
" 
" 
" 
i!i 
~~ 
•..~ •..-;- 


02 
/1/ 


02 
J 
J 


20 


0 
0 
0 


0 
02 
M 
0.6 
0.8 
1.0 
0 
M 
0.8 
12 
1.6 
2.0 
60 
80 
100 
'20 
,.c 
160 


COLLECTOR-EMITTER 
VOLTAGE 
(V) 
, 
EWITTER-COLLECTOR 
VOLTAGE 
(V) 
SENSE 
VOLTAGE 
(mV) 


Current 
Limit 
Sense 
Voltage 
Current 
Limit 
Response 
Time 
Current 
Limit 
Sense 
Voltage 
Drift 
with 
Temperature 
for Various 
Over 
Drives 
vs Supply 
Voltage 


160 


COLLECTOR 
OUTPUT 
I 
I 


160 


SWING 
= 15V 
15 
IT 
I 


~~~:r~~VOUTP~T 
> 
! 


1.c 
VIN1=IY 1 
/' 
~ 
10 - -~ ~ - 
V'N RE~ERRIEO 
,.c 
Tj=25OC 
I TT 
'> 
- 
~ 


-'" 
> 
5 
./ ...•- 


5 
- 
E 
GNO REFERREO 
lli 
120 


GNO REFERREO 
.., 
I I 
~ 


'20 
~ 
...•/' 
./ 
~ 
0 
I 
I 
I 
~ 
./ 
~ 
15 
~ 
100 


~ /' 
Vs 
REFERRED 
~ 


> 
ONO REFERREO 
~ 
100 
V~ 
REFERREO 


~ 


10 
- --1 
.., 
i I 
I 
~ 
~~LLECTOR 
iij 
j' 
I 
I 


80 
5 
- --'" 
.% 
OUTPUT 
80 


0 
T 


Vs = 15V 
IRL = 1 kll 


60 
60 


-SO 
-25 
0 
25 
SO 
75 
100 
125 
ISO 
0 
1 
2 
3 • 
5 
6 
7 
8 
0 
10 
20 
30 
.c 


lEWPERAlURE 
(OC) 
TIWE v..) 
SUPPLY 
VOLTAGE 
(V) 


Collector 
Current 
with 
Supply 
Current 
., 
Supply 
Current 
Emitter 
Output 
Below 
Ground 
• 
• 
-2.0 


EWITTER = 
ONO 
V~= 
15V 
COLLECTOR 
=V~=,1SV 
1 


OUTPUT 
ON 
1 


EWITTER = 
ONO 
-1.6 


3 
'ax. 
= 
0 
- 
3_ 
OUTPUT 
ON 
~ 
:::: 
; 
i - 


'roL 
= 
0 
~ 


...•...• 


-t--+:-_ 
-12 
..•.... 
~ 
T'- 


2 
a 
2 
~ 
...•...••... •..•.. 'roL=10mA 


OUTPUT 
OFF 
~ 
~ 
OUiUT 
10FFF- 
~ 


-0.8 
•..•.. 
r-.... 


It 
'roL 
= 10 !'A 
...•...• 
j-....., 


ill 
1 
ill 
1 
i!i 


-0 .• 
r"l 


0 
0 
-0 


0 
10 
20 
30 
.c 
-SO 
-25 
0 
25 
SO 
75 
100 
125 
ISO 
-SO 
-25 
0 
25 
SO 
75 
100 
125 
ISO 


SUPPLY 
VOLTAGE 
(V) 
lEWPERA lURE 
(OC) 
TEIlPERAlURE 
(OC) 


TlIH/8711-2 • 


Test Circuit* 


Parameter 
tests 
can be made 
using the test circuit 
shown. 
Select 
the desired 
Vin, collector 
voltage 
and duty cycle with 
adjustable 
power 
supplies. 
A digital volt meter with an input 
resistance 
greater 
than 100 Mfi 
should 
be used to measure 
the following: 


Input 
Reference 
Voltage 
to Ground; 
S1 in either 
posi- 
tion. 


Level Shift Accuracy 
(%) = (TP3(V)/W) 
x 
100%; 
S1 at 


11 = 12 = 1 mA 


Input Current 
(mA) = (W 
- 
Tp3 (V))/1 
Mfi: 
S1 at 11 = 
12 = 0 mA. 


Oscillator 
parameters 
can be measured 
at Tp4 using a fre- 
quency 
counter 
or an oscilloscope. 


INPUT 


REFERENCE 
R, 


VOLTAGES 
10k 


Tpi 


Tp2 
R2 


'Ok 


R.. 
Rs 
lk 
lW 


O.IX 
IX 


T.3 


LEVEL 
SHIrT 
ACCURACY 


ANO 
INPUT 
CURRENT 


R'B 
2k 
T,. 


OSCILLATOR 
FREQUENCY, 


AWPUTUOE 
ANO 
SCOPE 
SYNC 
Note 1: Op amp supplies are ± 15V 
Note 2: DVM input resistance> 
100 MO 
Note 3: • LM1578 max duty cycle is 90% 


Definition of Terms 


Input Reference 
Voltage: 
The voltage 
(referred 
to ground) 
that 
must be applied 
to either the inverting 
or non-inverting 
input to cause 
the regulator 
switch 
to change 
state 
(ON or 
OFF). 


Input 
Reference 
Current: 
The current 
that must be drawn 
from 
either 
the inverting 
or non-inverting 
input to cause 
the 
regulator 
switch 
to change 
state 
(ON or OFF). 


Input 
Level 
Shift Accuracy: 
This specification 
determines 
the 
output 
voltage 
tolerance 
of a regulator 
whose 
output 
control 
depends 
on drawing 
equal currents 
from the invert- 
ing and non-inverting 
inputs 
(see the Inverting 
Regulator 
of 
Figure 21, and the RS-232 
Line Driver Power Supply of Fig- 
ure23). 


Level Shift Accuracy 
is tested 
by using two equal-value 
re- 
sistors 
to draw current 
from the inverting 
and non-inverting 
input terminals, 
then measuring 
the percentage 
difference 
in 
the voltages 
across 
the resistors 
that produces 
a controlled 
duty cycle 
at the switch 
output. 


The Current 
Limit Sense Voltage 
is measured 
by connecting 
an adjustable 
O-to-W 
floating 
power 
supply 
in series 
with 
the current 
limit terminal 
and referring 
it to either the ground 
or the Vin terminal. 
Set the duty cycle 
to 90% 
and monitor 
test point TP5 while adjusting 
the floating 
power supply volt- 
age until the 
LM1578A's 
duty cycle 
just reaches 
0%. 
This 
voltage 
is the Current 
Limit Sense 
Voltage. 


The Supply Current 
should 
be measured 
with the duty cycle 
at 0% and S1 in the 11 = 12 = 0 mA position. 


• LM 1578A 
specifications 
are 
measured 
using 
automated 
test 
equipment. 
This 
circuit 
is provided 
for the 
customer's 
convenience 
when 
checking 
parameters. 
Due to possible 
variations 
in testing 
conditions, 
the 
measured 
values 
from 
these 
testing 
procedures 
may 
not 
match 
those 
of 
the 
factory. 


0, 
+15V 


1N914 


COLLECTOR 


SWING 


RI1 
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R'2 
C. 


'50 
O.l#F 
'OOk 


DUTY 


R13 
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=-1.35V 


R,• 
Or. =-2V 


5.1k 
C5 
5 pF 
R14 


10k 


R15 
C. 
,W 
loopF 
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Collector 
Saturation 
Voltage: 
With the inverting 
input ter- 
minal grounded 
thru a 10 kfi 
resistor 
and the output 
transis- 
tor's 
emitter 
connected 
to ground, 
the Collector 
Saturation- 
Voltage 
is the collector-to-emitter 
voltage 
for a given collec- 
tor current. 


Emitter 
Saturation 
Voltage: 
With the inverting 
input termi- 
nal grounded 
thru a 10 kfi 
resistor 
and the output 
transis- 
tor's collector 
connected 
to Vin, the Emitter 
Saturation 
Volt- 
age 
is the 
collector-to-emitter 
voltage 
for 
a given 
emitter 
current. 


Collector 
Emitter 
Sustaining 
Voltage: 
The collector-emit- 
ter breakdown 
voltage 
of the output 
transistor, 
measured 
at 
a specified 
current. 


Current 
Limit Sense 
Voltage: 
The voltage 
at the Current 
Limit pin, referred 
to either 
the supply 
or the ground 
termi- 
nal, which 
(via logic circuitry) 
will cause the output 
transistor 
to turn OFF and resets 
cycle-by-cycle 
at the oscillator 
fre- 
quency. 


Definition of Terms 
(Continued) 


Current 
limit 
Sense 
Current: 
The bias current 
for the Cur- 


rent Limit terminal 
with the applied 
voltage 
equal to the Cur- 


rent Limit Sense 
Voltage. 


Supply Current: 
The IC power supply current, 
excluding 
the 


current 
drawn through 
the output 
transistor, 
with the oscilla- 
tor operating. 


Functional Description 


The LM1578A 
is a pulse-width 
modulator 
designed 
for use 


as a switching 
regulator 
controller. 
It may also 
be used 
in 


other 
applications 
which 
require 
controlled 
pulse-width 
volt- 


age drive. 


A control 
signal, 
usually 
representing 
output 
voltage, 
fed 


into the LM1578A's 
comparator 
is compared 
with an inter- 
nally-generated 
reference. 
The resulting 
error signal and the 
oscillator's 
output 
are fed to a logic 
network 
which 
deter- 
mines when the output 
transistor 
will be turned 
ON or OFF. 
The following 
is a brief description 
of the subsections 
of the 


LM1578A. 


COMPARATOR 
INPUT STAGE 


The 
LM1578A's 
comparator 
input 
stage 
is unique 
in that 


both the inverting 
and non-inverting 
inputs 
are available 
to 


the user, and both contain 
a 1.0V reference. 
This is accom- 


plished 
as follows: 
A 1.0V reference 
is fed into a modified 


voltage 
follower 
circuit 
(see 
FUNCTIONAL 
DIAGRAM). 


When both input pins are open, no current 
flows through 
R1 


and R2. Thus, 
both 
inputs 
to the comparator 
will have the 


potential 
of the 
1.0V 
reference, 
VA' When 
one 
input, 
for 


example 
the non-inverting 
input, is pulled 
!J.V away from VA, 


a current 
of !J.V/R1 will flow through 
R1. This same current 


flows 
through 
R2, and the comparator 
sees a total voltage 


of 2!J.V between 
its inputs. 
The 
high 
gain 
of the 
system, 
through 
feedback, 
will correct 
for this imbalance 
and return 


both inputs to the 1.0V level. 


This unusual 
comparator 
input stage 
increases 
circuit 
flexi- 
bility, while 
minimizing 
the total 
number 
of ex1ernal compo- 


nents required 
for a voltage 
regulator 
system. 
The inverting 


switching 
regulator 
configuration, 
for example, 
can be set up 


without 
having 
to use an ex1ernal op amp for feedback 
po- 


larity reversal 
(see TYPICAL 
APPLICATIONS). 


OSCILLATOR 


The LM 1578A proVides an on-board 
oscillator 
which can be 


adjusted 
up to 
100 
kHz. 
Its frequency 
is set 
by a single 


ex1ernal capacitor, 
C1, as shown in Figure 
1, and follows 
the 


equation 


fose = 8X1O-S/C1 


The 
oscillator 
provides 
a blanking 
pulse 
to limit maximum 


duty cycle to 90%, 
and a reset pulse to the internal 
circuitry. 


\0 
100 


FREQUENCY(kHZ) 
TL/H/8711-4 


FIGURE 
1. Value of Timing 
Capacitor 
vs 
Oscillator 
Frequency 


OUTPUT 
TRANSISTOR 


The output 
transistor 
is capable 
of delivering 
up to 750 mA 


with 
a saturation 
voltage 
of less than 
0.9V. 
(see 
Collector 


Saturation 
Voltage 
and Emitter 
Saturation 
Voltage 
curves). 


The emitter 
must not be pulled 
more than 
1V below 
ground 


(this limit is 0.6V for TJ ~ 
100·C). 
Because 
of this limit, an 


ex1ernal transistor 
must be used to develop 
negative 
output 


voltages 
(see the 
Inverting 
Regulator 
Typical 
Application). 


Other 
configurations 
may need 
protection 
against 
violation 


of this limit (see the Emitter 
Output 
section 
of the Applica- 


tions 
Information). 


CURRENT 
LIMIT 


The 
LM1578A's 
current 
limit 
may be referenced 
to either 


the ground 
or the Vin pins, and operates 
on a cycle-by-cycle 


basis. 


The current 
limit section 
consists 
of two comparators: 
one 


with its non-inverting 
input referenced 
to a voltage 
110 mV 


below 
Vin, 
the 
other 
with 
its 
inverting 
input 
referenced 


110 mV above 
ground 
(see FUNCTIONAL 
DIAGRAM). 
The 


current 
limit is activated 
whenever 
the current 
limit terminal 


is pulled 
110 mV away from either 
Vin or ground. 


Applications 
Information 


CURRENT 
LIMIT 


As mentioned 
in the functional 
description, 
the current 
limit 


terminal 
may be referenced 
to either 
the Vin or the ground 


terminal. 
Resistor 
R3 converts 
the current 
to be sensed 
into 


a voltage 
for current 
limit detection. 


V1N 


TLIH/8711-15 


FIGURE 
2. Current 
Limit, Ground 
Referred 


V1N 
• 


8 
Cl 
8 
2 
7 


Ltol1578A 
2 


3 
Ltol1578A 


5 
Rl 


5 


. 
- 


proper 
current 
limit operation, 
R1 and C1 act together 
as a 


low pass filter to control 
the current 
limit circuitry's 
response 


time. 


Because 
the sense 
current 
of the current 
limit terminal 
var- 


ies according 
to where 
it is referenced, 
R1 should 
be less 


than 2 kO when 
referenced 
to ground, 
and less than 
1000 


when 
referenced 
to Vin. 


T 


C1 


R2 rh 


TLiH/8711-17 
FIGURE 
4. Current 
Limit 
Transient 
Suppressor, 
Ground 
Referred 


Tl/H/8711-18 
FIGURE 
5. Current 
Limit 
Transient 
Suppressor, 


Vln Referred 


C.L. SENSE VOLTAGE 
MULTIPLICATION 


When 
a larger 
sense 
resistor 
value 
is desired, 
the voltage 


divider 
network, 
consisting 
of R1 and R2, may be used. This 


effectively 
multiplies 
the 
sense 
voltage 
by (1 + 
R1/R2). 


Also, R1 can be replaced 
by a diode to increase 
current 
limit 


sense 
voltage 
to about 
800 mV (diode V, + 110 mV). 


V1N 


TLiH/8711-19 
FIGURE 
6. Current 
Limit 
Sense 
Voltage 
Multiplication, 
Ground 
Referred 


TL/H/8711-20 


FIGURE 
7. Current 
Limit 
Sense 
Voltage 
Multiplication, 


Vln Referred 


UNDER-VOLTAGE 
LOCKOUT 


Under-voltage 
lockout 
is accomplished 
with 
few 
external 
components. 
When 
Vin 
becomes 
lower 
than 
the 
zener 


breakdown 
voltage, 
the output 
transistor 
is turned 
off. This 


occurs 
because 
diode 
01 will then become 
forward 
biased, 


allowing 
resistor 
R3 to sink a greater 
current 
from 
the non- 


inverting 
input than is sunk by the parallel 
combination 
of R1 


and R2 at the inverting 
terminal. 
R3 should 
be one-fifth 
of 


the value 
of R1 and R2 in parallel. 


TL/H/8711-22 


FIGURE 
8. Under-Voltage 
Lockout 


MAXIMUM 
DUTY CYCLE 
LIMITING 


The maximum 
duty cycle can be externally 
limited by adjust- 
ing the charge 
to discharge 
ratio of the oscillator 
capacitor 


with a single external 
resistor. 
Typical 
values 
are 50 p.A for 


the charge 
current, 
450 p.A for the discharge 
current, 
and a 


voltage 
swing 
from 
200 
mV to 750 
mV. Therefore, 
R1 is 


selected 
for the 
desired 
charging 
and 
discharging 
slopes 


and C1 is readjusted 
to set the oscillator 
frequency. 


TUH/8711-21 
FIGURE 
9. Maximum 
Duty 
Cycle 
Limiting 


DUTY CYCLE 
ADJUSTMENT 


When 
manual 
or mechanical 
selection 
of the output 
transis- 


tor's 
duty cycle 
is needed, 
the cirucit 
shown 
below 
may be 
used. 
The 
output 
will turn 
on with 
the 
beginning 
of each 


oscillator 
cycle 
and turn 
off when 
the 
current 
sunk 
by R2 


and 
R3 from 
the 
non-inverting 
terminal 
becomes 
greater 


than the current 
sunk from the inverting 
terminal. 


With the resistor 
values 
as shown, 
R3 can be used to adjust 


the duty cycle 
from 0% to 90%. 


When 
the sum of R2 and R3 is twice 
the value 
of R1, the 


duty cycle will be about 
50%. 
C1 may be a large electrolytic 


capacitor 
to lower the oscillator 
frequency 
below 
1 Hz. 


V1N 


TUH/8711-23 


FIGURE 
10. Duty 
Cycle 
Adjustment 


REMOTE 
SHUTDOWN 


The 
LM1578A 
may 
be 
remotely 
shutdown 
by 
sinking 
a 


greater 
current 
from 
the 
non-inverting 
input than 
from 
the 


inverting 
input. 
This 
may be accomplished 
by selecting 
re- 


sistor 
R3 to be approximately 
one-half 
the value of R1 and 


R2 in parallel. 


TL/H/8711-24 


FIGURE 
11. Shutdown 
Occurs 
when 
VL is High 


EMITTER 
OUTPUT 


When 
the LM1578A 
output 
transistor 
is in the OFF state, 
if 


the Emitter 
output 
swings 
below the ground 
pin voltage, 
the 


output 
transistor 
will turn ON because 
its base is clamped 


near ground. 
The Collector 
Current 
with Emitter 
Output 
Be- 


low 
Ground 
curve 
shows 
the 
amount 
of Collector 
current 


drawn 
in this 
mode, 
vs temperature 
and 
Emitter 
voltage. 


When 
the Collector-Emitter 
voltage 
is high, this current 
will 


cause 
high 
power 
dissipation 
in the 
output 
transistor 
and 


should 
be avoided. 


This 
situation 
can 
occur 
in the 
high-current 
high-voltage 


buck application 
if the Emitter 
output 
is used and the catch 


diode's 
forward 
voltage 
drop is greater 
than 0.6V. A fast-re- 


covery 
diode can be added 
in series with the Emitter 
output 


to counter 
the forward 
voltage 
drop of the catch 
diode 
(see 


Figure 2). For better efficiency 
of a high output 
current 
buck 


regulator, 
an 
external 
PNP 
transistor 
should 
be 
used 
as 


shown 
in Figure 
16. 


TLIH/8711-30 


FIGURE 
12. D1 Prevents 
Output 
Transistor 
from 
Improperly 
Turning 
ON due to D2's Forward 
Voltage • 


Applications 
Information 
(Continued) 


SYNCHRONIZING 
DEVICES 


When 
several 
devices 
are to be operated 
at once, their os- 


cillators 
may be synchronized 
by the application 
of an exter- 
nal signal. This drive signal should 
be a pulse waveform 
with 
a minimum 
pulse width of 2 fLs. and an amplitude 
from 
1.5V 


to 2.0V. 
The 
signal 
source 
must 
be capable 
of 1.) driving 
capacitive 
loads 
and 2.) delivering 
up to 500 fLA for each 
LM1578A. 


Capacitors 
C1 thru CN are to be selected 
for a 20% slower 


frequency 
than the synchronization 
frequency. 


1.5V 
01 
~eJUl 
ov 


TL/H/8711-25 
FIGURE 
13. Synchronizing 
Devices 


Typical Applications 


The LM1578A 
'may be operated 
in either 
the continuous 
or 


the discontinuous 
conduction 
mode. 
The following 
applica- 


tions 
(except 
for the 
Buck-Boost 
Regulator) 
are designed 


for continuous 
conduction 
operation. 
That 
is, the 
inductor 
current 
is not allowed 
to fall to zero. This mode of operation 


has higher efficiency 
and lower EMI characteristics 
than the 
discontinuous 
mode. 


BUCK 
REGULATOR 


The 
buck 
configuration 
is used 
to 
step 
an 
input 
voltage 
down to a lower level. Transistor 
01 
in Figure 
14 chops 
the 


input 
DC voltage 
into 
a squarewave. 
This 
squarewave 
is 


then converted 
back into a DC voltage 
of lower 
magnitude 


by the 
low 
pass 
filter 
consisting 
of L1 and 
C1. The 
duty 


cycle, 
D, of the squarewave 
relates the output voltage 
to the 


input voltage 
by the following 
equation: 


You! = D X Vin = Vin X (Ion)/(Ion + tolll· 


L1 


FIGURE 
14. Basic 
Buck 
Regulator 


Figure 
15 is a 15V to 5V buck regulator 
with an output 
cur- 
rent, 
10, of 350 
mA. The circuit 
becomes 
discontinuous 
at 
20% 
of lo(max), has 10 mV of output 
voltage 
ripple, 
an effi- 


ciency 
of 
75%, 
a 
load 
regulation 
of 
30 
mV 
(70 
mA 
to 
350 mAl and a line regulation 
of 10 mV (12 .; Vin .; 18V). 


Component 
values 
are selected 
as follows: 


R1 = 
(Vo - 
1) x R2 where 
R2 = 
10 k.o. 


R3 = 
V/Isw(max) 
R3 = 
0.15.0. 


where: 


V is the current 
limit sense 
voltage, 
0.11 V 


lsw(max) is the maximum 
allowable 
current 
thru the out- 
put transistor. 


L1 is the inductor 
and may be found from the inductance 
calculation 
chart 
(Figure 
16) as follows: 


Given Vin = 
15V 
Vo = 
5V 


lo(max) = 
350 mA 
fosc 
= 
50 kHz 


Discontinuous 
at 20% 
of lo(max)' 


Note 
that 
since 
the 
circuit 
will 
become 
discontinuous 
at 
20% 
of lo(max), the load current 
must not be allowed 
to fall 
below 
70 mA. 


Step 
1: Calculate 
the maximum 
DC current 
through 
the in- 
ductor, 
Il(max). 
The 
necessary 
equations 
are 
indicated 
at 
the top of the chart and show that IL(max) = 
lo(max) for the 
buck configuration. 
Thus, 
IL(max) = 
350 mA. 


Step 
2: Calculate 
the inductor 
Volts-sec 
product, 
E-Top, ac- 
cording 
to the equations 
given from the chart. 
For the Buck: 


E-Top = (Vin - 
yo) (VoNin) 
(1000/foscl 


=(15 
- 
5)(5/15)(1000/50) 


= 66V-fLS. 


with the oscillator 
frequency, 
fose, expressed 
in kHz. 


Vin = 
15V 
Vo ~ 
5V 


Vripple 
= 
10 
mV 


10 = 350 mA 
lose ~ 
50 kHz 


R1 ~ 40 kO 
R2 ~ 
10 kO 


R3 ~ 0.150 
C1 ~ 
1820 pF 


C2 = 220I'F 
C3~20pF 
L1 ~ 
470l'H 


01 ~ 1N5818 


TL/H/8711-6 


FIGURE 
15. Buck 
or Step-Down 
Regulator 


Step 
3: Using the graph with axis labeled 
"Discontinuous 
At 
% lOUT" and "IL(max, DC>," find the point where 
the desired 
maximum 
inductor 
current, 
IL(max, DC) intercepts 
the desired 
discontinuity 
percentage. 


In this example, 
the point of interest 
is where the 0.35A 
line 
intersects 
with the 20% 
line. This is nearly 
the midpoint 
of 
the horizontal 
axis. 


Step 
4: This last step is merely 
the translation 
of the point 
found 
in Step 3 to the graph directly 
below it. This is accom· 
plished 
by moving 
straight 
down the page to the point which 
intercepts 
the 
desired 
E-Top. 
For 
this 
example, 
E.Top 
is 
66V-fLS and the desired 
inductor 
value is 470 fLH. Since this 
example 
was for 20% 
discontinuity, 
the bottom 
chart 
could 
have 
been 
used 
directly, 
as noted 
in step 
3 of the 
chart 
instructions. 


HOW 
TO USE THIS 
CHART 


CD CALCULATE 


IL,WAX 
DC 


HERE 
@ CALCULATE 


E-TOp 
HERE 


G) ENTER 


REOUIRED 
% 


DISCONTINUITY 
AlL' 
100% 


= 21L, MAX DC 


HERE 
r 
IF "20%" 
PROCEED 


T00 


@ PROCEED ---+ 


HORIZONTALLY 
TO 


IL, MAX DC 


FROM CD 
® FROM 
~ 
IL,MAX 
DC 


PROCEED 
~ 
VERTICALLY 


TO ! 


E-TOp 
FROM ® 


CD READ 
INDUCTANCE 


VALUE 
AT 


E-TOp 
FOR 


IL,MAX 
DC 
o READ 


'L,MAX 
DC 


FROM CD HERE -I-- 


CD READ 
INDUCTANCE 
VALUE 
AT E-TOp 


FOR I L, MAX DC 


BUCK 
BOOST 
INVERT 


IL =ILOAD 
IL =1 LOAO 
Vo 
IL =ILOAD 
• 
V'N+ 
IVai 
I L 
V; 
VIN 


( 
) 
Vo 
1000 
( 
V1N 
1000 
V 
1N 
• ~ 
• .1QQQ.. 
VIN-VO 
• - 
• 
-- 
VO-VIN) 
• - 
• 
-- 
E-Top 
V1N 
F, kHz 
Vo 
F, kHz 
VIN + IVol 
F. kHz 


0.005 
0.01A 
.02 
.05 
0.1A 
.2 
.5 
1.0A 


100 


70 


50 


30 
5 
20 
..9 
•• 
10 
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Typical Applications 
(Continued) 


For a full 
line 
of standard 
inductor 
values, 
contact 
Pulse 


Engineering 
(San Diego, Calif.) regarding 
their PE526XX 
se- 


ries, or A. I. E. Magnetics 
(Nashville, 
Tenn.). 


A more precise 
inductance 
value 
may be calculated 
for the 


Buck, 
Boost 
and Inverting 
Regulators 
as follows: 


BUCK 
L = Vo (Vin - 
Vo)/(IlIL 
Vin foscl 


BOOST 
L = Vin (Vo - 
Vin)/(IlIL 
fose Vol 


INVERT 
L = Vin IVol/[llldVin 
+ IVol)foscl 


where 
IlIL 
is the current 
ripple through 
the inductor. 
IlIL 
is 


usually 
chosen 
based on the minimum 
load current 
expect- 
ed of the circuit. 
For the buck regulator, 
since the inductor 


current 
IL equals 
the load current 
10, 


IlIL = 2 • 10(minj 


IlIL = 140 mA for this circuit. 
IlIL can also be interpreted 
as 


IlIL = 2 • (Discontinuity 
Factor) 
• IL 


where 
the Discontinuity 
Factor 
is the ratio of the minimum 


load current 
to the maximum 
load current. 
For this example, 
the Discontinuity 
Factor 
is 0.2. 


The remainder 
of the components 
of Figure 
15 are chosen 


as follows: 


Cl 
is the timing 
capacitor 
found 
in Figure 
1. 


C2 :;, Vo (Vin - 
Vo)/(8fose 
2VinVriPPIeL1) 


where 
Vripple is the peak-to-peak 
output 
voltage 
ripple. 


C3 is necessary 
for continuous 
operation 
and is general- 


ly in the 10 pF to 30 pF range. 


01 
should 
be 
a 
Schottky 
type 
diode, 
such 
as 
the 


lN5818 
or lN5819. 


BUCK WITH 
BOOSTED 
OUTPUT 
CURRENT 


For applications 
requiring 
a large output 
current, 
an external 
transistor 
may be used as shown 
in Figure 
17. This circuit 


steps 
a 15V supply 
down 
to 5V with 1.5A of output 
current. 


The output 
ripple is 50 mV, with an efficiency 
of 80%, 
a load 


regulation 
of 40 mV (150 mA to 1.5A), and a line regulation 


of 20 mV (12V 
os; Vin 
os; 18V). 


Component 
values 
are selected 
as outlined 
for 
the 
buck 


regulator 
with a discontinuity 
factor 
of 10%, 
with the addi- 


tion of R4 and R5: 


R4 = 10VSE1Bf/lp 


R5 = (Vin - 
V - 
VSE1 - 
VsaV Bf/(!L(max. 
DC) + IR4) 


where: 


VSE1 is the VSE of transistor 
01. 


Vsat is the 
saturation 
voltage 
of the 
LM1578A 
output 


transistor. 


V is the current 
limit sense 
voltage. 


Bf is the forced 
current 
gain of transistor 
01 
(Bf = 30 


for Figure 
17). 


IR4 = VSE1/R4 


Ip = IL(max, DC) + 0,51l1L 


V1N 
Vin = 15V 
R4 ~ 
200!! 


Rl 
Ll 
Vo ~ SV 
RS ~ 
330!! 


Vo 
Vripple = 50 mV 
C1 ~ 
1820 pF 


10 ~ 1.SA 
C2 ~ 
33Ol'F 


03 
+ 
fosc = 50 kHz 
C3~20pF 
1 


02 
R1 ~ 40 k!! 
l1 ~ 22Ol'H 
R2~10k!! 
D1 ~ 
1NS819 


R3 ~ O.OS!! 
01 
~ 
D4S 
R2 


01 


TL/H/8711-8 
FIGURE 
17. Buck Converter 
with Boosted 
Output 
Current 


Typical Applications 
(Continued) 


BOOST 
REGULATOR 


The boost regulator 
converts 
a low input voltage 
into a high- 


er output voltage. 
The basic configuration 
is shown in Figure 


18. Energy is stored 
in the inductor 
while the transistor 
is on 
and 
then 
transferred 
with 
the 
input 
voltage 
·to the 
output 


capacitor 
for filtering 
when 
the transistor 
is off. Thus, 


Vo = Vin + Vin(lon/lofd· 


11 
01 


FIGURE 
18. Basic 
Boost 
Regulator 


The 
circuit 
of Figure 
19 converts 
a 5V supply 
into a 15V 


supply 
with 
150 mA of output 
current, 
a load regulation 
of 


14 mV (30 mA to 140 mAl, 
and a line regulation 
of 35 mV 


(4.5V 
,;; Vin ,;; 8.5V). 


Vin = 5V 
Vo ~ 
lSV 


Vripple 
= 
10 
mV 
10 ~ 
140mA 


fose ~ 
50 kHz 
A1 ~ 
140 kll 


A2 ~ 
10 kll 


Vo :~ : 
~2~~1l 


Cl 
= lB20 
pF 
C2 ~ 470l'F 
C3~20pF 
C4 ~ 0.0022 
I'F 
L1 ~ 330I'H 
01 
= lNSB1B 


TUH/8711-11 
FIGURE 
19. Boost 
or Step-Up 
Regulator 


R1 = (VO - 
1) R2where 
R2 = 10 k.l1. 


R3 = V/(IL(max, DC) + 0.5 lllLl 


where: 


lllL 
= 2(ILOAD(minj)(VolVin) 


lllL 
is 200 mA in this example. 


R4, C3 and C4 are necessary 
for continuous 
operation 


and are typically 
220 k.l1, 20 pF, and 0.0022 
I-'F respec- 


tively. 


C1 is the timing 
capacitor 
found 
in Figure 
1. 


Rl 


VIN 


1 


C 
R4 
2 


3 
Lt.I 
lS78A 


C3 
4 


R2 
Cl 


C2;", 
10 (Vo - 
Vin)/(fose 
Vo Vripple). 


D1 is a Schottky 
type diode such as a IN5818 
or IN5819. 


L1 is found 
as described 
in the buck converter 
section, 
us- 


ing the inductance 
chart for Figure 
16 for the boost configu- 


ration and 20% 
discontinuity. 


INVERTING 
REGULATOR 


Figure 20 shows the basic configuration 
for an inverting 
reg- 


ulator. 
The 
input 
voltage 
is of a positive 
polarity, 
but the 


output 
is negative. 
The output 
may be less than, equal to, or 


greater 
in magnitude 
than 
the 
input. 
The 
relationship 
be- 


tween 
the 
magnitude 
of the 
input 
voltage 
and 
the 
output 


voltage 
is Vo = Vin X (lon/loll)' 


TL/H/B711-10 


FIGURE 
20. Basic 
Inverting 
Regulator 


Figure 21 shows 
an LM1578A 
configured 
as a 5V to -15V 


polarity 
inverter 
with 
an output 
current 
of 300 
mA, a load 


regulation 
of 44 mV (60 mA to 300 mAl and a line regulation 


of 50 mV (4.5V 
,;; Vin ,;; 8.5V). 


R1 = (IVol +1) 
R2where 
R2 = 10k.l1. 


R3 = V /(IL(max, DC) + 0.511ILl· 


R4 = 10VSE1Bf/(IL 
(max, DC) + 0.511ILl 


where: 


V, VSE1, Vsat, and Bf are defined 
in the "Buck 
Converter 


with Boosted 
Output 
Current" 
section. 


lllL = 2(ILOAD(min»(Vin 
+ IVol)IVIN 


R5 is defined 
in the 
"Buck 
with 
Boosted 
Output 
Cur- 


rent" 
section. 


R6 serves the same purpose 
as R4 in the Boost Regula- 


tor circuit 
and is typically 
220 k.l1. 


C1, C3 and 
C4 are defined 
in the 
"Boost 
Regulator" 


section. 


C2;", 
10 IVo!/[fose(IVol 
+ Vin) Vripple] 


L1 is found 
as outlined 
in the section 
on buck convert- 


ers, using the inductance 
chart 
of Figure 
16 for the in- 


vert configuration 
and 20% 
discontinuity. 


Vin 
= 
5V 


vo~ 
-lSV 


Vripple 
= 
5 mV 


10 = 300 mA, Imin = 60 mA 
fosc = 50 kHz 
Al = 160 kll A2 ~ 
10 kll 


A3 = 0.01 II 
A4 = 19011 


AS = B211 
A6 ~ 
220 kll 
Cl 
~ 
lB20 
pF 


C2 = 1000 I'F 
C3~20pF 
C4 ~ 
0.0022 
I'F 
L1 ~ 
150 I'H 
01 
~ 
lNSB1B 
• 


voltage 
up or down, 
depending 
upon 
whether 
or not the 
desired 
output 
voltage 
is greater 
or less than the input volt- 
age. 
In this 
case, 
the 
output 
voltage 
is 12V with 
an input 
voltage 
from 
9V to 15V. The circuit 
exhibits 
an efficiency 
of 
75%, 
with 
a load regulation 
of 60 mV (10 mA to 100 mAl 
and a line regulation 
of 52 mY. 


Rl = (VO - 
1) R2 where 
R2 = 10 kfi 


R3 = V/O.75A 


R4, Cl, 
C3 and 
C4 are defined 
in the 
"Boost 
Regulator" 


section. 


01 and 02 are Schottky 
type diodes 
such as the 1N5818 or 
lN5819. 


C2 ~ 
(IolVripple) 
(Vo + 2Vd) 


[fose (Vin + Vo + 2Vd - 
Vsat - 
Vsat1)] 


where: 


Vd is the forward 
voltage 
drop of the diodes. 


Vsat is the 
saturation 
voltage 
of the 
LM1578A 
output 
transistor. 


Vsat1 is the saturation 
voltage 
of transistor 
01 . 


L1 ~ (Vin - 
Vsat - 
Vsat1) (Ion/1p) 


where: 


(l/fose! 
(V 0 + 2V d) 
ton = ------------ 
(Vo + Vin + 2Vd - 
Vsat - 
Vsat1) 


210 (Vin + Vo + 2Vd - 
Vsat - 
Vsat1) 
Ip = ------------ 
(Vin - 
Vsat - 
Vsat1) 


'Ilv 
tJV¥W'O'1 
;>utJtJ'y, 
;>1 IVVYI 
I 
III 
rlYUlc:r 
"::::03,VtJtfldlt:'~ 
IIUIII 
elll 


input voltage 
as low as 4.2V (5V nominal), 
and delivers 
an 
output 
of ± 12V at ± 40 mA with better 
than 70% efficiency. 


The 
circuit 
prOVides a load 
regulation 
of ± 150 
mV (from 
10% to 100% 
of full load) and a line regulation 
of ± 10 mY. 


Other 
notable 
features 
include 
a cycle-by-cycle 
current 
limit 
and an output 
voltage 
ripple of less than 40 mVp-p. 


A unique 
feature 
of this circuit 
is its use of feedback 
from 
both outputs. 
This dual feedback 
configuration 
results 
in a 
sharing 
of the output 
voltage 
regulation 
by each 
output 
so 
that neither 
side becomes 
unbalanced 
as in single feedback 
systems. 
In addition, 
since both sides are regulated, 
it is not 
necessary 
to use a linear regulator 
for output 
regulation. 


The 
feedback 
resistors, 
R2 and 
R3, 
may 
be selected 
as 
follows 
by assuming 
a value 
of 10 kfi 
for Rl; 


R2 = (Vo - 
1V)/45.8 
JJ-A= 240 kfi 


R3 = (IVol + 1V)/54.2 
JJ-A= 240 kD. 


Actually, 
the 
currents 
used 
to program 
the 
values 
for the 
feedback 
resistors 
may vary from 40 JJ-Ato 60 JJ-A,as long 
as their sum is equal to the 
100 JJ-Anecessary 
to establish 
the 
1V threshold 
across 
R 1. Ideally, 
these 
currents 
should 
be equal (50 JJ-Aeach) for optimal 
control. 
However, 
as was 
done 
here, they 
may be mismatched 
in order 
to use stan- 
dard 
resistor 
values. 
This 
results 
in a slight 
mismatch 
of 
regulation 
between 
the two outputs. 


The current 
limit resistor, 
R4, is selected 
by dividing 
the cur- 
rent 
limit threshold 
voltage 
by the 
maximum 
peak 
current 
level 
in 
the 
output 
switch. 
For 
our 
purposes 
R4 


110 mV 1750 mA = 0.15fi. 
A value of 0.1 fi was used. 


9V ~ Vin s; 15V 
Vo ~ 12V 
10 ~ 100mA 


Vripple = 50 mV 
fosc = 50 kHz 
R1 ~ 110k 
R2 ~ 
10 k 


R3 - 0.15 
R4~220k 


R5 ~ 270 
C1 ~ 1820pF 
C2 ~ 220l'F 
C3 ~ 20 pF 
C4 ~ 0.0022I'F 
L1 ~ 220l'H 
01, 02 ~ 1N5819 
Q1 ~ 044 


Tl/H/8711-13 
FIGURE 22. Buck-Boost 
RegUlator 


Vin = 5V 
Vo ~ 
±12V 
'0 ~ ±40 mA 
lose ~ 80 kHz 
R1 ~ 10 kn 
R2 = 240 kn 
R3 = 240 kn 
R4=0.15n 
C1 ~ 820 pF 
C2 ~ 10pF 
C3 = 220l'F 
01,02, 03 ~ 1N5819 
T1 ~ PE·64287 


Tl/H/8711-14 
FIGURE 23. RS-232 Line Driver 
Power Supply 


Capacitor 
C2 serves 
as a compensation 
capacitor 
for syn- 
chronous 
operation 
and a value 
of 10 to 50 pF should 
be 
sufficient 
for most applications. 


A minimum 
value for an ideal output 
capacitor 
C3, could 
be 


calculated 
as C = 
10 x tI/1 V where 
10 is the load current, 
t 


is the transistor 
on time 
(typically 
OAlfosel, 
and 
/1V is the 
peak-to-peak 
output voltage 
ripple. A larger output 
capacitor 
than this theoretical 
value should 
be used since electrolytics 


have 
poor 
high 
frequency 
performance. 
Experience 
has 


shown 
that a value from 
5 to 10 times 
the calculated 
value 
should 
be used. 


worl<well. 


Transformer 
selection 
should 
be picked 
for an output 
tran- 
sistor 
"on" 
time of OAlfosc, 
and a primary 
inductance 
high 
enough 
to prevent 
the output transistor 
switch from ramping 
higher 
than 
the transistor's 
rating 
of 750 
mA. 
Pulse 
Engi- 


neering 
(San 
Diego, 
Calif.) 
and 
Renco 
Electronics, 
Inc. 


(Deer Park, N.Y.) can provide 
further 
assistance 
in selecting 
the proper 
transformer 
for a specific 
application 
need. The 
transformer 
used 
in Figure 
23 was 
a 
Pulse 
Engineering 
PE-64287. 


• 
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LM2587 
SIMPLE SWITCHER® 5A Flyback Regulator 


General Description 
The LM2587 series of regulators are monolithic integrated 
circuits specifically designed for flyback, step-up (boost), 
and forward converter applications. The device is available 
in 4 different output voltage versions: 3.3V, 5.0V, 12V, and 
adjustable. 
Requiring a minimum number of external components, 
these regulators are cost effective, and simple to use. In- 
cluded in the datasheet are typical circuits of boost and f1y- 
back regulators. Also listed are selector guides for diodes 
and capacitors and a family of standard inductors and fly- 
back transformers designed to work with these switching 
regulators. 
The power switch is a 5.0A NPN device that can stand-off 
65V. Protecting the power switch are current and thermal 
limiting circuits, and an undervoltage lockout circuit. This IC 
contains a 100 kHz fixed-frequency internal oscillator that 
permits the use of small magnetics. Other features include 
soft start mode to reduce in-rush current during start up, 
current mode control for improved rejection of input voltage 
and output load transients and cycle-by-cycle current limit- 
ing. An output voltage tolerance of ±4%, within specified 
input voltages and output load conditions, is guaranteed for 
the power supply system. 


Features 
• 
Requires few external components 
• 
Family of standard inductors and transformers 
• 
NPN output switches 5.0A, can stand off 65V 
• 
Wide input voltage range: 4V to 40V 
• 
Current-mode 
operation 
for 
improved 
transient 
re- 


sponse, line regulation, and current limit 
• 
100 kHz switching frequency 
• 
Internal soft-start function reduces in-rush current dur- 
ing start-up 
• 
Output transistor protected by current limit, under volt- 
age lockout, and thermal shutdown 
• 
System Output Voltage Tolerance of ±4% 
max over 


line and load conditions 


Typical Applications 
• 
Flyback regulator 
• 
Multiple-output regulator 
• 
Simple boost regulator 
• 
Forward converter 


11'F 
.rI 


Package 
Type 
NSC Package 
Order Number 
Drawing 


5-Lead TO-220 Bent, Staggered Leads 
T05D 
LM2587T-3.3, LM2587T-5.0, LM2587T-12, LM2587T-ADJ 


5-Lead TO-263 
TS5B 
LM2587S-3.3, LM2587S-5.0, LM2587S-12, LM2587S-ADJ 


5-Lead TO-263 Tape and Reel 
TS5B 
LM2587SX-3.3, LM2587SX-5.0, LM2587SX-12, LM2587SX-ADJ 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Storage 
Temperature 
Range 
-65'C 
to + 150'C 
please 
contact 
the 
National 
Semiconductor 
Sales 
Lead Temperature 
(Soldering, 
10 sec.) 
260'C 
Office/Distributors 
for 
availability 
and 
specifications. 
Maximum 
Junction 
Temperature 
(Note 3) 
150'C 
Input Voltage 
-O.4V 
:0; VIN :0; 45V 
Minimum 
ESD Rating (C = 100 pF, R = 1.5 kfi 
2kV 
Switch Voltage 
-0.4V:O; 
Vsw 
:0; 65V 


Switch 
Current 
(Note 2) 
Internally 
Limited 
Operating Ratings 


Compensation 
Pin Voltage 
~O.4V 
:0; VCOMP :0; 2.4V 
Supply Voltage 
4V:O; VIN:O; 40V 


Feedback 
Pin Voltage 
~0.4V 
:0; VFB :0; 2 VOUT 
Output Switch Voltage 
OV,;; Vsw';; 
60V 


Power Dissipation 
(Note 3) 
Internally 
Limited 
Output Switch 
Current 
Isw';; 
5.0A 


Junction 
Temperature 
Range 
-40'C 
,;; TJ :0; + 125'C 


Electrical Characteristics 


Specifications 
with standard 
type face are for TJ = 25'C, 
and those 
in bold 
type 
face 
apply over full Operating 
Temperature 
Range. 
Unless 
otherwise 
specified, 
VIN = 5V. 


LM2587-3.3 


Symbol 
Parameters 
Conditions 
Typical 
Mln 
Max 
Units 


SYSTEM 
PARAMETERS 
Test Circuit of Figure 2 (Note 4) 


VOUT 
Output Voltage 
VIN = 4Vt012V 
3.3 
3.17/3.14 
3.43/3.46 
V 
ILOAD = 400 mA to 1.75A 


I!I.VOUT/ 
Line Regulation 
VIN = 4Vt012V 
20 
50/100 
mV 
I!I.VIN 
ILOAD = 400 mA 


I!I.VOUT/ 
Load Regulation 
VIN = 12V 
20 
50/100 
mV 
I!I.ILOAD 
ILOAD = 400 mA to 1.75A 


'l7 
Efficiency 
VIN = 12V, ILOAD = 1A 
75 
% 


UNIQUE 
DEVICE 
PARAMETERS 
(Note 5) 


VREF 
Output 
Reference 
Measured 
at Feedback 
Pin 
3.3 
3.242/3.234 
3.358/3.366 
V 
Voltage 
VCOMP = 1.0V 


I!I.VREF 
Reference 
Voltage 
VIN = 4V to 40V 
2.0 
mV 
Line Regulation 


GM 
Error Amp 
ICOMP = -30 
f-LAto +30 
f-LA 
1.193 
0.678 
2.259 
mmho 
Transconductance 
VCOMP = 1.0V 


AVOL 
Error Amp 
VCOMP = 0.5V to 1.6V 
260 
151/75 
VIV 
Voltage 
Gain 
RCOMP = 1.0 Mfi 
(Note 6) 


LM2587-5.0 


Symbol 
Parameters 
Conditions 
Typical 
Min 
Max 
Units 


SYSTEM 
PARAMETERS 
Test Circuit of Figure 2 (Note 4) 


VOUT 
Output Voltage 
VIN = 4Vto 
12V 
5.0 
4.80/4.75 
5.20/5.25 
V 
ILOAD = 500 mA to 1.45A 


I!I.VOUTI 
Line Regulation 
VIN = 4Vto 
12V 
20 
50/100 
mV 
I!I.VIN 
ILOAD = 500 mA 


I!I.VOUTI 
Load Regulation 
VIN = 12V 
20 
50/100 
mV 
I!I.ILOAD 
ILOAD = 500 mA to 1.45A 


'l7 
Efficiency 
VIN = 12V, ILOAD = 750 mA 
80 
% • 


Electrical Characteristics 


Specifications 
with standard 
type face are for TJ = 25°C, and those 
in bold type face 
apply over full Operating 
Temperature 


Range. 
Unless 
otherwise 
specified, 
VIN = 5V. (Continued) 


LM2587-5.0 
(Continued) 


Symbol 
Parameters 
Conditions 
Typical 
Mln 
Max 
Units 


UNIQUE 
DEVICE 
PARAMETERS 
(Note 5) 


VREF 
Output 
Reference 
Measured 
at Feedback 
Pin 
5.0 
4.913/4.900 
5.088/5.100 
V 
Voltage 
VCOMP = 1.0V 


toVREF 
Reference 
Voltage 
VIN = 4V to 40V 
2.8 
mV 
Line Regulation 


GM 
Error Amp 
ICOMP = -30 
",A to +30 
",A 
0.750 
0.447 
1.491 
mmho 
Transconductance 
VCOMP = 1.0V 


AVOL 
Error Amp 
VCOMP = 0.5Vto 
1.6V 
165 
99/49 
VIV 


Voltage 
Gain 
RCOMP = 1.0 MO (Note 6) 
I 


LM2587-12 


Symbol 
Parameters 
Conditions 
Typical 
Mln 
Max 
Units 


SYSTEM 
PARAMETERS 
Test Circuit of Figure 3 (Note 4) 


VOUT 
Output Voltage 
VIN = 4Vto 
10V 
12.0 
11.52/11.40 
12.48/12.60 
V 
ILOAD = 300 mA to 1.2A 


toVOUTI 
Line Regulation 
VIN = 4Vto 
10V 
20 
100/200 
mV 
toVIN 
ILOAD = 300 mA 


toVOUTI 
Load Regulation 
VIN = 10V 
20 
100/200 
mV 
tolLOAD 
ILOAD = 300 mA to 1.2A 


T/ 
Efficiency 
VIN = 10V, ILOAD = 1A 
90 
% 


UNIQUE 
DEVICE 
PARAMETERS 
(Note 5) 


VREF 
Output 
Reference 
Measured 
at Feedback 
Pin 
12.0 
11.79/11.76 
12.21/12.24 
V 
Voltage 
VCOMP = 1.0V 


toVREF 
Reference 
Voltage 
VIN = 4V to 40V 
1.0 
mV 
Line Regulation 


GM 
Error Amp 
ICOMP = -30 
",A to +30 
",A 
0.328 
0.186 
0.621 
mmho 
Transconductance 
VCOMP = 1.0V 


AVOL 
Error Amp 
VCOMP = 0.5Vto 
1.6V 
70 
41/21 
VIV 
Voltage 
Gain 
RCOMP = 1.0 MO (Note 6) 


LM2587-ADJ 


Symbol 
Parameters 
Conditions 
Typical 
Mln 
Max 
Units 


SYSTEM 
PARAMETERS 
Test Circuit of Figure 3 (Note 4) 


VOUT 
Output Voltage 
VIN = 4Vto 
10V 
12.0 
11.52/11.40 
12.48/12.60 
V 
ILOAD = 300 mA to 1.2A 


toVOUTI 
Line Regulation 
VIN = 4Vt010V 
20 
100/200 
mV 
toVIN 
ILOAD = 300 mA 


toVOUTI 
Load Regulation 
VIN = 10V 
20 
100/200 
mV 
tolLOAD 
ILOAD = 300 mA to 1.2A 


T/ 
Efficiency 
VIN = 10V, ILOAD = 1A 
90 
% 


Electrical Characteristics 


Specifications 
with standard 
type face are for TJ = 25°C, and those 
in bold type face 
apply over full Operating 
Temperature 
Range. 
Unless 
otherwise 
specified, 
VIN = 5V. (Continued) 


LM2587·ADJ 
(Continued) 


Symbol 
Parameters 
Conditions 
Typical 
Mln 
Max 
Units 


UNIQUE 
DEVICE 
PARAMETERS 
(Note 5) 


VREF 
Output 
Reference 
Measured 
at Feedback 
Pin 
1.230 
1.208/1.205 
1.252/1.255 
V 


Voltage 
VCOMP = 1.0V 


AVREF 
Reference 
Voltage 
VIN = 4V to 40V 
1.5 
mV 
Line Regulation 


GM 
Error Amp 
ICOMP = -30 
/LA to +30 
/LA 
3.200 
1.800 
6.000 
mmho 
Transconductance 
VCOMP = 1.0V 


AVOL 
Error Amp 
VCOMP = 0.5Vto 
1.6V 
6?0 
400/200 
V/V 
Voltage 
Gain 
RCOMP = 1.0 MO (Note 6) 


IB 
Error Amp 
VCOMP = 1.0V 
125 
425/600 
nA 


Input Bias Current 


COMMON 
DEVICE 
PARAMETERS 
for all versions 
(Note 5) 


Symbol 
Parameters 
Conditions 
Typical 
Mln 
Max 
Units 


Is 
Input Supply Current 
(Switch 
Off) 
11 
15.5/16.5 
mA 
(Note 8) 


ISWITCH = 3.0A 
85 
140 
165 
mA 


VUV 
Input Supply 
RLOAD = 1000 
3.30 
3.05 
3.75 
V 
Undervoltage 
Lockout 


fo 
Oscillator 
Frequency 
Measured 
at Switch 
Pin 


RLOAD = 1000 
100 
85/75 
115/125 
kHz 


VCOMP = 1.0V 


fsc 
Short-Circuit 
Measured 
at Switch 
Pin 


Frequency 
RLOAD = 1000 
25 
kHz 


VFEEDBACK = 1.15V 


VEAO 
Error Amplifier 
Upper Limit 
2.8 
2.6/2.4 
V 
Output Swing 
(Note?) 


Lower Limit 
0.25 
0.40/0.55 
(Note 8) 
V 


IEAO 
Error Amp 
(Note 9) 


Output Current 
165 
110/70 
260/320 
/LA 
(Source 
or Sink) 


Iss 
Soft Start Current 
VFEEDBACK = 0.92V 


VCOMP = 1.0V 
11.0 
8.0/7.0 
17.0/19.0 
/LA 


D 
Maximum 
Duty Cycle 
RLOAD = 1000 
(Note?) 
98 
93/90 
% 


IL 
Switch 
Leakage 
Switch 
Off 


Current 
VSWITCH = 60V 
15 
300/600 
/LA 


VSUS 
Switch 
Sustaining 
dV/dT 
= 1.5V/ns 


Voltage 
65 
V 


VSAT 
Switch 
Saturation 
ISWITCH = 5.0A 
Voltage 
0.7 
1.1/1.4 
V 


ICL 
NPNSwitch 


Current 
Limit 
6.5 
5.0 
9.5 
A • 


Electrical Characteristics 


Specifications 
with standard 
type face are for TJ = 25°C, and those 
in bold 
type 
face 
apply over full Operating 
Temperature 


Range. 
Unless 
otherwise 
specified, 
VIN = 5V. (Continued) 


COMMON 
DEVICE 
PARAMETERS 
(Note 4) (Continued) 


Symbol 


/lJA 


/lJA 


/lJC 


/lJA 


/lJA 


/lJA 


/lJC 


Parameters 


Thermal 
Resistance 


Conditions 


T Package, 
Junction 
to Ambient 
(Note 10) 


T Package, 
Junction 
to Ambient 
(Note 11) 


T Package, 
Junction 
to Case 


S Package, 
Junction 
to Ambient 
(Note 12) 


S Package, 
Junction 
to Ambient 
(Note 13) 


S Package, 
Junction 
to Ambient 
(Note 14) 


S Package, 
Junction 
to Case 


Typical 


65 
45 


2 


56 
35 
26 


2 


Note 
1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Operating ratings indicate conditions 
the device is mtended to 
be functional, 
but device 
parameter 
specifications 
may not be guaranteed 
under these conditions. 
For guaranteed 
specifications 
and test conditions, 
see the 
Electrical Characteristics. 


Note 2: Note that switch current and output current are not identical in a step-up regulator. Output current cannot be internally limited when the LM2587 is used as 
a step-up regulator. To prevent damage to the switch, the output current must be externally 
limited to 5A. However, output current is internally limited when the 
LM2587 is used as a flyback regulator (see the Application 
Hints section for more information). 


Note 3: The junction temperature 
of the device (TJ) is a function of the ambient temperature 
(TN, the junction-to-ambient 
thermal resistance 
(8JAl, and the power 
dissipation 
of the device (Po). A thermal shutdown will occur if the temperature 
exceeds the maximum junction temperature 
of the device: Po x 8JA + TA(MAX) 2: 


TJ(MAX). For a safe thermal design, check that the maximum power dissipated 
by the device is less than: Po s: [TJ(MAX) - 
TA(MAX»)]/8JA. When calculating 
the 
maximum allowable 
power dissipation, 
derate the maximum junction temperature-this 
ensures a margin of safety in the thermal design. 


Note 4: External components 
such as the diode, inductor, input and output capacitors 
can affect switching 
regulator performance. 
When the LM2587 is used as 


shown in Figures 2 and 3, system performance 
will be as specified 
by the system parameters. 


Note 5: All room temperature 
limits are 100% production 
tested, and all limits at temperature 
extremes are guaranteed 
via correlation 
using standard 
Statistical 
Quality Control (sac) methods. 


Note 6: A 1.0 Mn resistor is connected 
to the compensation 
pin (which is the error amplifier output) to ensure accuracy in measuring AVOL. 


Note 7: To measure this parameter, the feedback voltage is set to a low value, depending 
on the output version of the device, to force the error amplifier output 
high. Adj: VF8 ~ 
1.05V; 3.3V: VF8 ~ 2.81V; 5.0V: VF8 ~ 4.25V; 12V: VF8 = 10.20V. 


Note 8: To measure this parameter, the feedback voltage is set to a high value, depending 
on the output version of the device, to force the error amplifier output 
low. Adi: VF8 ~ 
1.41V; 3.3V: VF8 ~ 3.80V; 5.0V: VF8 ~ 5.75V; 12V: VF8 - 
13.80V. 


Note 9: To measure the worst-case 
error amplifier output current, the LM2587 is tested with the feedback voltage set to its low value (specified in Note 7) and at its 
high value (specified 
in Note 8). 


Note 
10: Junction to ambient thermal resistance 
(no external heat sink) for the 5 lead TO-220 package mounted vertically, with % inch leads in a socket, or on a 
PC board with minimum copper area. 


Note 
11: Junction 
to ambient thermal resistance 
(no external 
heat sink) for the 5 lead TO-220 package mounted vertically, 
with % inch leads soldered 
to a PC 
board containing 
approximately 
4 square inches of (10z.) copper area surrounding 
the leads. 


Note 12: Junction to ambient thermal resistance for the 5 lead TO-263 mounted horizontally against a PC board area of 0.136 square inches (the same size as the 
TO-263 package) of 1 oz. (0.0014 in. thick) copper. 


Note 13: Junction to ambient thermal resistance for the 5 lead TO-263 mounted horizontally against a PC board area of 0.4896 square inches (3.6 times the area of 
the TO-263 package) of 1 oz. (0.0014 in. thick) copper. 


Note 14: Junction to ambient thermal resistance for the 5 lead T0-263 
mounted horizontally against a PC board copper area of 1.0064 square inches (7.4 times the 
area of the TO-263 package) of 1 oz. (0.0014 in. thick) copper. Additional copper area will reduce thermal resistance further. See the thermal model in Swltchers 
Made Simple- 
software. 


Typical Performance 
Characteristics 


Supply 
Current 
Reference 
Voltage 
AReference 
Voltage 


vs Temperature 
vs Temperature 
vs Supply Voltage 


140 
1.24 
0.8 
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120 


r-.... 
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.. 
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""PERATURE 
(c) 
TE"PERATURE 
(c) 
SUPPLY 
VOLTAGE 


Supply Current 
Current 
Limit 
Feedback 
Pin Bias 


vs Switch 
Current 
vs Temperature 
Current 
vs Temperature 
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SWITCH 
CURRENT 
(A.) 
TE"PERATURE 
(c) 
""PERATURE 
(c) 


Switch 
Saturation 
Switch Transconductance 
Oscillator 
Frequency 


Voltage 
vs Temperature 
vs Temperature 
vs Temperature 
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TEIrdPERATURE 
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TEl.4PERATUR( 
(el 


Error Amp Transconductance 
Error Amp Voltage 
Short Circuit 
Frequency 
vs Temperature 
Gain vs Temperature 
vs Temperature 
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TE"PERATURE 
(c) 
IE"PERATURE 
(C) 
TE"PERATURE 
(c) 


TUH112316-2 


~ 


nd 
S-VIN 
4- 
Switch 
3- 
Ground 
o 
2- 
Feedback 
1- 
Camp 


TLIH/12316-3 


Order 
Number 
LM2587T-3.3, 
LM2587T-5.0, 


LM2587T-12 
or LM2587T-ADJ 
See NS Package 
Number 
T05D 


_ 
.e Pins 1,3, '" S 


~PinS2&:4 


5-Lead 
TO-263 
(S) 
Top View 
5-Lead 
TO-263 
(S) 
Side View 
[le 


S-V1N 
4- 
Switch 
3- 
Ground 
2- 
Feedback 


1- 
Camp 


TL/H/12316-5 


Order 
Number 
LM2587S-3.3, 
LM2587S-5.0, 


LM2587S-12 
or LM2587S-ADJ 
See NS Package 
Number 
TS5B 


S A, 6S 
V 


NPN 
SWITCH 
For Fixed Versions 


3.3V, Rl 
~ 
3.4k, R2 ~ 
2k 


SV, Rl 
~ 
6.1Sk, 
R2 ~ 
2k 


12V, Rl 
~ 
S.73k, 
R2 ~ 
lk 


For Adj. Version 


Rl 
~ 
Short 
(Oil), R2 ~ 
Open 


+ 
1001'F. 


25V 
IN5820 


COUT 


VIN 


VOUT 


CIN1 
IOOI'F. 


CINZ 
lN5820 
COUT 
+68OI'F. 


25V 
16V 


0.1 I'F 
VIN 
Switch 
R1 
L 
0 
Comp 
2 
A 


1 
L~2587-XX 
Feedback 
0 


Rc 
2k 
3 
GNO 
R2 


CIN1-100 
ILF, 25V Aluminum Electrolytic 


CINz-O. 1 f'F Ceramic 


T-22 
f'H, 1:1 Schott 
#67141450 


D-1N5820 


Cour-680 
f'F, 
16V Aluminum 
Electrolytic 


Cc-O.47 
f'F Ceramic 


Rc-2k 


CIN1-100 
fLF, 25V Aluminum Electrolytic 


CINz-O.l 
f'F Ceramic 


L-I5 
f'H. Renco 
#RL-5472-5 


D-1N5820 


Cour-680 
f'F, 16V Aluminum 
Electrolytic 


Cc-O.47 
f'F Ceramic 


Rc-2k 


For 12V Devices: 
Rt 
~ 
Short (On) and Rz ~ 


Open 


For ADJ Devices: R1 = 48.75k, 
±O.1% 
and R2 
~ 5.62k, ±1% 


• 


Flyback Regulator Operation 


The LM2587 
is ideally suited for use in the flyback 
regulator 
topology. 
The flyback 
regulator 
can produce 
a single output 
voltage, 
such as the one shown 
in Figure 
4, or multiple 
out- 
put voltages. 
In Figure 4, the flyback 
regulator 
generates 
an 
output 
voltage 
that is inside the range 
of the input voltage. 
This feature 
is unique 
to flyback 
regulators 
and cannot 
be 
duplicated 
with buck or boost 
regulators. 


The operation 
of a flyback 
regulator 
is as follows 
(refer 
to 
Figure 
4): when 
the switch 
is on, current 
flows 
through 
the 
primary winding 
of the transformer, 
T1, storing 
energy 
in the 
magnetic 
field of the transformer. 
Note that the primary 
and 
secondary 
windings 
are out of phase, 
so no current 
flows 
through 
the secondary 
when 
current 
flows 
through 
the pri- 
mary. 
When 
the 
switch 
turns 
off, 
the 
magnetic 
field 
col- 


V1N 
+12V 
(8V-16V) 


C,Nl 
+ 
100}'F .I. 


lapses, reversing 
the voltage 
polarity 
of the primary and sec- 
ondary windings. 
Now rectifier 
D1 is forward 
biased and cur- 
rent 
flows 
through 
it, releasing 
the 
energy 
stored 
in the 
transformer. 
This produces 
voltage 
at the output. 


The 
output 
voltage 
is controlled 
by modulating 
the 
peak 
switch 
current. 
This is done by feeding 
back a portion 
of the 
output 
voltage 
to the error amp, which 
amplifies 
the differ- 
ence 
between 
the 
feedback 
voltage 
and 
a 1.230V 
refer- 
ence. The error amp output 
voltage 
is compared 
to a ramp 
voltage 
proportional 
to the switch 
current 
(Le., inductor 
cur- 
rent during 
the switch 
on time). The comparator 
terminates 
the switch on time when the two voltages 
are equal, thereby 
controlling 
the peak 
switch 
current 
to maintain 
a constant 
output 
voltage. 


VOUT 
+12V@1.2A 


TlIH/12316-10 


As shown in Figure 4, the LM2567 can be used as a flyback regulator by using a minimum number of external components. The switching waveforms of this 
regulator are shown in Figure 5. Typical Performance 
Characteristics 
observed 
during the operation 
of this circuit are shown in Figure 6. 


A: Switch Voltage, 10 V/div 


8: Switch Current, 5 A/div 


C: Output Rectifier Current, 5 A/div 


D: Output Ripple Voltage, 100 mV/div 
AC-Coupled 


Horizontal: 
2 !'s/dlv 


TLiH/12316-11 
FIGURE 
5. Switching 
Waveforms 


Output 
Voltage 
Response 


Load 
Current 
Step 


• 


Typical Flyback Regulator Applications 


Figures 
7 through 
12 show 
six typical 
flyback 
applications, 
varying 
from 
single 
output 
to triple 
output. 
Each 
drawing 
contains 
the part number(s) 
and manufacturer(s) 
for every 
component 
except 
the transformer. 
For the transformer 
part 
numbers 
and 
manufacturers 
names, 
see 
the 
table 
in 


Figure 
13. For applications 
with different 
output 
voltages- 


requiring 
the 
LM2587-ADJ-or 
different 
output 
configura- 
tions that do not match the standard 
configurations, 
refer to 
the 
SIMPLE 
SWITCHER@ 
Designer's 
Guide 
(AN-978) 
or 
Switchers 
Made 
Simple@ (Version 
4.0) software. 
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Typical Flyback Regulator Applications 
(Continued) 


Transformer 
Selection 
(T) 


Figure 
13 lists the standard 
transformers 
available 
for flyback 
regulator 
applications. 
Included 
in the table are the turns ratio(s) 
for each transformer, 
as well as the output 
voltages, 
input voltage 
ranges, 
and the maximum 
load currents 
for each circuit. 


Applications 
Figure 7 
Figure 8 
Figure 9 
Figure 
10 
Figure 
11 
Figure 
12 


Transformers 
T1 
T1 
T1 
T2 
T3 
T4 


VIN 
4V-6V 
4V-6V 
8V-16V 
4V-6V 
18V-36V 
18V-36V 


Voun 
3.3V 
5V 
12V 
12V 
12V 
5V 


IOUT1 (Max) 
1.8A 
1.4A 
1.2A 
0.3A 
1A 
2.5A 


N1 
1 
1 
1 
2.5 
0.8 
0.35 


VOUT2 
-12V 
-12V 
12V 


IOUT2 (Max) 


( 
0.3A 
1A 
0.5A 


N2 
2.5 
0.8 
0.8 


VOUT3 
-12V 


fOUT3 (Max) 
0.5A 


N3 
0.8 


FIGURE 
13. Transformer 
Selection 
Table 


l 


Manufacturers' 
Part Numbers 


Transformer 


Type 
Collcraft1 
Collcraft1 
Pulse2 
Renco3 
Schott4 


Surface 
Mount 
Surface 
Mount 


T1 
04434-B 
04435-B 
PE-68411 
RL-5530 
67141450 


T2 
04337-B 
04436-B 
PE-68412 
RL-5531 
67140860 


T3 
04343-B 
- 
PE-68421 
RL-5534 
67140920 


T4 
04344-B 
- 
PE-68422 
RL-5535 
67140930 


Note 
1: Coilcraft 
Inc., 
Phone: (800)322-2645 


1102Silver Lake Road, Cary, IL 60013 
Fax: (708)639-1469 


Note 
2: Pulse Engineering 
Inc., 
Phone: (619)674-8100 


12220Wo~d Trade Drive, San Diego, CA 92128 
Fax: (619)674-8262 


Note 
3: Renco 
Electronics 
Inc., 
Phone: (800)645-5828 
60 Jeffryn Blvd. East, Deer Park, NY11729 
Fax: (516)586-5562 


Note 4: SChott Corp., 
Phone: (612)475-1173 
1000Parkers Lane Road. Wayzata, MN55391 
Fax: (612)475-1786 


FIGURE 
14. Transformer 
Manufacturer 
Guide 


- 


22\~~11~7 


2~~8 


TLIH/12316-30 


Top View 


FIGURE 15. Coilcraft 
Q4434-8 
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FIGURE 
17. Coilcraft 
Q4343-8 
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FIGURE 19. Coilcraft 
Q4435·8 


(Surface 
Mount) 
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FIGURE 
16. Coile raft Q4337-8 
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FIGURE 18. Coilcraft 
Q4344-8 
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FIGURE 20. Collcraft 
Q4436·8 


(Surface 
Mount) 
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Top View 


FIGURE 
21. Pulse PE-68411 
(Surface 
Mount) 
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Top View 


FIGURE 
22. Pulse PE-68412 
(Surface 
Mount) 
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FIGURE 
23. Pulse PE-68421 
(Surface 
Mount) 
TL/H/12316-39 


Top View 


FIGURE 
24. Pulse PE-68422 
(Surface 
Mount) 
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FIGURE 
25. Renco 
RL-5530 
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Top View 


FIGURE 
26. Renco 
RL-5531 
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FIGURE 
27. Renco 
RL·5534 
TL/HI12316-42 


Top View 


FIGURE 
28. Renco 
RL·5535 
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FIGURE 
29. Schott 
67141450 
FIGURE 
30. Schott 
67140860 


TL/HI12316-45 


Top View 


FIGURE 
31. Schott 
67140920 
TLIH/12316-47 


Top View 


FIGURE 
32. Schott 
67140930 


Step-Up (Boost) Regulator Operation 


Figure 33 shows 
the LM2587 
used as a step-up 
(boost) 
reg- 
ulator. This is a switching 
regulator 
that produces 
an output 
voltage 
greater 
than the input supply 
voltage. 


A brief 
explanation 
of 
how 
the 
LM2587 
Boost 
Regulator 
works 
is as follows 
(refer 
to 
Figure 
33). 
When 
the 
NPN 
switch 
turns on, the inductor 
current 
ramps up at the rate of 
VIN/L, 
storing 
energy 
in the inductor. 
When the switch 
turns 


off, the lower end of the inductor 
flies above 
VIN, discharg- 
ing its current 
through 
diode 
(D) into the 
output 
capacitor 
(COUT) at a rate of (VOUT - 
VIN)/L. 
Thus, energy 
stored 
in 
the inductor 
during 
the switch 
on time is transferred 
to the 
output 
during the switch 
off time. The output 
voltage 
is con- 
trolled 
by adjusting 
the peak switch 
current, 
as described 
in 
the flyback 
regulator 
section. 


V1N 
+5V 
(4.5-5.5V) 


VOUT 
+12V@1.2A 


+ 
COUT 
I3000J1.F 


TL/H/12316-19 


By adding a small number of external 
components 
(as shown in Figure 33), 
the LM2587 
can be used to produce 
a regulated 
output voltage 
that is greater 
than the 
applied 
input voltage. 
The switching waveforms 
observed 
during the operation 
of this circuit are shown in Figure 34. Typical 
performance 
of this regulator 
is shown 


in Figure 35. 


A: Switch Voltage, 10 V/div 


B: Switch 
Current, 
5 AI div 


C: Inductor 
Current, 
5 A/div 


D: Output Ripple Voltage, 
100 mV/div. 
AC-Coupled 


Horizontal: 
2 1J.s/dlv 


TL/H/12316-20 
FIGURE 
34. Switching 
Waveforms 


Output 
Voltage 
Response 


Load 
Current 
500mA 
Slep 
• 


Typical Boost Regulator Applications 


Figures 
36 and 38 through 
40 show four typical 
boost appli- 


cations)-one 
fixed 
and three 
using the adjustable 
version 


of the LM2587. 
Each 
drawing 
contains 
the part number(s) 


and manufacturer(s) 
for every component. 
For the fixed 12V 


output 
application, 
the 
part 
numbers 
and 
manufacturers' 


names for the inductor 
are listed in a table in Figure 40. For 


applications 
with different 
output 
voltages, 
refer to the SIM- 


PLE SWITCHER<B>Designer's 
Guide 
(AN-978) 
or Swltchers 


Made 
Simple<B> (Version 
4.0) software. 


V1N 
+5V 


(4.5-5.5V) 
~Nl 
+ 


Nichicon I 
100 JLt 
UPL1Al01~PH 
~N2 
0.1!'F.:r:. 


5 


+ 
+ 


1200 !'FICOUTI 
COUT2I1200 
!,F 
Nichicon 
UPL 1V 122~RH 


Figure 37 contains 
a table of standard 
inductors, 
by part number 
and corresponding 
manufacturer, 
for the fixed output 
regulator 
of Figure 
36. 


Note 1: Coilcraft 
Inc., 


1102 Silver Lake Road, Cary, IL 60013 


Note 
2: Pulse Engineering 
Inc., 


12220 Wo~d Trade Drive, San Diego, CA 92128 


Note 
3: Renco 
Electronics 
Inc., 
60 Jeffryn Blvd. East, Deer Park, NY 11729 


Nole 4: Schott Corp., 
1000 Parkers Lane Road, Wayzata, MN 55391 


Phone: (800) 322-2645 
Fax: (708) 639-1469 


Phone: (619) 674-8100 
Fax: (619) 674-8262 


Phone: (800) 645-5828 
Fax: (516) 586-5562 


Phone: (612) 475-1173 
Fax: (612) 475-1786 


V1N 
+12V 
(B-16V) 
G1N1+ 


Nichicon I 
100 j.LF 
UPL1El0lMPH 
'1N2 
0.1 j.LF.:r. 


5 


+ 
1000 j.LF 
GOUT1 
I 


Nichicon 
36.9k 
UPLlVl02MRH 


V1N 
+24V 
(lB-2BV) 
'1Nl+ 
Nichicon I 
56 j.LF 
UPL1H560MAH 
'1N2 
O.Ij.LF.:r. 


5 


+ 
1200j.LF 
GOUTI 
I 


Nichicon 
56.3k 
UPL I H122MRH 


V1N 
+24V 


(IB-36V) 
'1NI + 
Nichicon I 
56 ,tlF 
UPL 1H560MPH 
'1N2 
0.1 j.LF.:r. 


5 


+ 
1200j.LF 
GOUTI 
I 


Nichicon 
75.7k 
UPL1J122MRH 
• 


+13ooo).'F 


PROGRAMMING 
OUTPUT 
VOLTAGE 
(SELECTING 
R1 AND R2) 


Referring 
to the adjustable 
regulator 
in Figure 41, the output 
voltage 
is programmed 
by the 
resistors 
R1 and 
R2 by the 
following 
formula: 


VOUT = VREF(1 + R1/R2) 
whereVREF 
= 1.23V 


Resistors 
R1 and R2 divide the output 
voltage 
down so that 
it can be compared 
with the 1.23V internal 
reference. 
With 
R2 between 
1k and 5k, R1 is: 


R1 = R2 (VOUTIVREF 
- 
1) 
where VREF = 1.23V 


For best temperature 
coefficient 
and stability 
with time, use 
1% metal film resistors. 


FIGURE 
41. Boost Regulator 


put with 
an external 
current 
limit circuit. 
The external 
limit 
should 
be set to the maximum 
switch 
current 
of the device, 


which 
is 5A. 


In a flyback 
regulator 
application 
(Figure 42), using the stan- 
dard transformers, 
the LM2587 
will survive 
a short circuit to 
the main output. 
When 
the output 
voltage 
drops 
to 80% 
of 
its nominal 
value, 
the frequency 
will drop to 25 kHz. With a 
lower 
frequency, 
off 
times 
are 
larger. 
With 
the 
longer 
off 
times, 
the transformer 
can release 
all of its stored 
energy 
before 
the switch 
turns back on. Hence, 
the switch 
turns on 
initially with zero current 
at its collector. 
In this condition, 
the 
switch 
current 
limit will 
limit 
the 
peak 
current, 
saving 
the 
device. 


SHORT 
CIRCUIT 
CONDITION 


Due to the 
inherent 
nature 
of boost 
regulators, 
when 
the 
output 
is shorted 
(see Figure 41), current 
flows directly 
from 
the input, through 
the inductor 
and the diode, to the output, 
bypassing 
the switch. 
The current 
limit of the switch 
does 
not limit the output 
current 
for the entire 
circuit. 
To protect 
the load and prevent 
damage 
to the switch, the current 
must 
be externally 
limited, either by the input supply or at the out- 


2-=- 


Feedback 


FLYBACK 
REGULATOR 
INPUT CAPACITORS 


A flyback 
regulator 
draws 
discontinuous 
pulses 
of current 
from the input supply. Therefore, 
there are two input capaci- 
tors 
needed 
in a flyback 
regulator; 
one for energy 
storage 
and one for filtering 
(see Figure 42). Both are required 
due 
to the inherent 
operation 
of a flyback 
regulator. 
To keep a 
stable 
or constant 
voltage 
supply 
to the 
LM2587, 
a stor- 


Application 
Hints 
(Continued) 


age capacitor 
(~ 100 !-,F) is required. 
If the input source 
is a 


recitified 
DC supply 
and/or 
the application 
has a wide tem- 


perature 
range, the required 
rms current 
rating of the capac- 
itor might be very large. This means a larger value of capaci- 
tance 
or a higher voltage 
rating will be needed 
of the input 


capacitor. 
The 
storage 
capacitor 
will 
also 
attenuate 
noise 


which 
may 
interfere 
with 
other 
circuits 
connected 
to 
the 


same input supply 
voltage. 


In addition, 
a small 
bypass 
capacitor 
is required 
due to the 


noise 
generated 
by the 
input 
current 
pulses. 
To eliminate 


the 
noise, 
insert 
a 1.0 !-,F ceramic 
capacitor 
between 
VIN 


and ground 
as close 
as possible 
to the device. 


SWITCH 
VOLTAGE 
LIMITS 


In a flyback 
regulator, 
the 
maximum 
steady-state 
voltage 


appearing 
at the switch, 
when 
it is off, is set by the trans- 


former 
turns 
ratio, 
N, the 
output 
voltage, 
VOUT, and 
the 


maximum 
input voltage, 
VIN (Max): 


VSW(OFF) = VIN (Max) 
+ 
(VOUT +VF)/N 


where 
VF is the forward 
biased 
voltage 
dthe 
output 
diode, 


and is 0.5V for Schottky 
diodes 
and 0.8V for ultra-fast 
re- 


covery 
diodes 
(typically). 
In certain 
circuits, 
there 
exists 
a 


voltage 
spike, VLL, superimposed 
on top of the steady-state 


voltage 
(see 
Figure 
5, waveform 
A). 
Usually, 
this 
voltage 


spike is caused 
by the transformer 
leakage 
inductance 
and/ 


or the output 
rectifier 
recovery 
time. To "clamp" 
the voltage 


at the switch 
from exceeding 
its maximum 
value, a transient 


suppressor 
in series 
with 
a diode 
is inserted 
across 
the 


transformer 
primary 
(as shown 
in the 
circuit 
on the 
front 


page and other 
flyback 
regulator 
circuits 
throughout 
the da- 


tasheet). 
The schematic 
in Figure 42 shows 
another 
method 


of clamping 
the 
switch 
voltage. 
A single 
voltage 
transient 


suppressor 
(the SA51 A) is inserted 
at the switch 
pin. This 


method 
clamps 
the total voltage 
across 
the switch, 
not just 


the voltage 
across 
the primary. 


If poor circuit 
layout 
techniques 
are used 
(see the 
"Circuit 
Layout Guideline" 
section), 
negative 
voltage 
transients 
may 


appear 
on the Switch 
pin (pin 4). Applying 
a negative 
volt- 


age (With respect 
to the 
IC's ground) 
to any monolithic 
IC 
pin causes 
erratic 
and 
unpredictable 
operation 
of that 
IC. 


This holds 
true for the LM2587 
IC as well. When 
used in a 


flyback 
regulator, 
the voltage 
at the Switch 
pin (pin 4) can 


go negative 
when the switch turns on. The "ringing" 
voltage 


at the switch 
pin is caused 
by the output 
diode capacitance 


and the transformer 
leakage 
inductance 
forming 
a resonant 


circuit at the secondary(ies). 
The resonant 
circuit generates 


the "ringing" 
voltage, 
which 
gets reflected 
back through 
the 


transformer 
to the switch 
pin. There are two common 
meth- 


ods to avoid 
this 
problem. 
One 
is to add 
an RC snubber 


around 
the output 
rectifier(s), 
as in Figure 42. The values 
of 


the resistor 
and the capacitor 
must 
be chosen 
so that the 


voltage 
at the Switch 
pin does 
not drop below 
-OAV. 
The 


resistor 
may range in value between 
100 
and 1 kO, and the 


capacitor 
will vary from 0.001 
!-,F to 0.1 !-,F. Adding 
a snub- 


ber will (slightly) 
reduce 
the efficiency 
of the overall 
circuit. 


The other 
method 
to reduce 
or eliminate 
the "ringing" 
is to 


insert 
a 
Schottky 
diode 
clamp 
between 
pins 
4 
and 
3 


(ground), 
also shown 
in Figure 42. This prevents 
the voltage 


at pin 4 from 
dropping 
below 
-OAV. 
The reverse 
voltage 


rating of the diode 
must be greater 
than the switch 
off volt- 


age. 


<1N1.:r:. 100 I'F 


FIGURE 43. Input Line Filter 


OUTPUT 
VOLTAGE 
LIMITATIONS 


The 
maximum 
output 
voltage 
of a boost 
regulator 
is the 


maximum 
switch 
voltage 
minus 
a diode 
drop. 
In a flyback 


regulator, 
the maximum 
output 
voltage 
is determined 
by the 
turns 
ratio, N, and the duty cycle, 
0, by the equation: 


VOUT :::; N X VIN X 0/(1 
- 
D) 


The duty cycle 
of a flyback 
regulator 
is determined 
by the 
following 
equation: 
o = 
VOUT + VF 
VOUT 


N(VIN - 
VSAT) + VOUT + VF 
N(VIN) + VOUT 


Theoretically, 
the maximum 
output 
voltage 
can be as large 
as desired-just 
keep increasing 
the turns ratio of the trans- 
former. 
However, 
there exists 
some physical 
limitations 
that 
prevent 
the turns 
ratio, 
and thus 
the 
output 
voltage, 
from 
increasing 
to 
infinity. 
The 
physical 
limitations 
are 
capaci- 


tances 
and 
inductances 
in the 
LM2587 
switch, 
the 
output 


diode(s), 
and 
the 
transformer-such 
as reverse 
recovery 
time of the output 
diode 
(mentioned 
above). 


NOISY 
INPUT LINE CONDITION) 


A small, low-pass 
RC filter should 
be used at the input pin of 


the 
LM2587 
if 
the 
input 
voltage 
has 
an 
unusual 
large 


amount 
of transient 
noise, such as with an input switch 
that 
bounces. 
The circuit in Figure 43 demonstrates 
the layout of 


the 
filter, 
with 
the 
capacitor 
placed 
from 
the 
input 
pin to 
ground 
and 
the 
resistor 
placed 
between 
the 
input 
supply 


and 
the 
input 
pin. 
Note 
that 
the 
values 
of 
RIN and 
CIN 
shown 
in the schematic 
are good enough 
for most applica- 


tions, but some readjusting 
might be required 
for a particular 


application. 
If efficiency 
is a major concern, 
replace 
the re- 
sistor 
with 
a 
small 
inductor 
(say 
10 
!-,H and 
rated 
at 
100 mAl. 


STABILITY 


All current-mode 
controlled 
regulators 
can 
suffer 
from 
an 
instability, 
known 
as sub harmonic 
oscillation, 
if they operate 


with a duty cycle above 
50%. 
To eliminate 
subharmonic 
os- 
cillations, 
a minimum 
value 
of inductance 
is required 
to en- 
sure stability 
for all boost 
and flyback 
regulators. 
The mini- 


mum inductance 
is given by: 


. 
2.92 [(VIN(Min) 
- 
VSAT) x (20(Max) 
-1)] 
L(Mln) = -----1---0-(M-ax-)-----(!-'H) 


where 
VSAT is the 
switch 
saturation 
voltage 
and 
can 
be 
found 
in the Characteristic 
Curves. 


CIRCUIT 
LAYOUT 
GUIDELINES 


As in any switching 
regulator, 
layout 
is very important. 
Rap- 


idly 
switching 
currents 
associated 
with 
wiring 
inductance 
generate 
voltage 
transients 
which 
can cause 
problems. 
For 
minimal 
inductance 
and ground 
loops, 
keep 
the 
length 
of 


the leads and traces 
as short 
as possible. 
Use single 
point 
grounding 
or ground 
plane 
construction 
for 
best 
results. 


Separate 
the 
signal 
grounds 
from 
the 
power 
grounds 
(as 
indicated 
in Figure 
44). When 
using the Adjustable 
version, 


physically 
locate the programming 
resistors 
as near the reg- 
ulator 
IC as possible, 
to keep the sensitive 
feedback 
wiring 
short. For more information 
on laying out a circuit board, see 


the SIMPLE 
SWITCHER® 
Designer's 
Guide 
(AN-978). 


HEAT SINK/THERMAL 
CONSIDERATIONS 


In many cases, 
no heat sink is required 
to keep the LM2587 


junction 
temperature 
within the allowed 
operating 
range. For 


each 
application, 
to determine 
whether 
or not a heat 
sink 


will be required, 
the folloWing 
must be identified: 


1) Maximum 
ambient 
temperature 
(in the application). 


2) Maximum 
regulator 
power dissipation 
(in the application). 


3) Maximum 
allowed 
junction 
temperature 
(125°C 
for the 


LM2587). 
For a safe, 
conservative 
design, 
a temperature 


approximately 
15°C cooler 
than the maximum 
junction 
tem- 
perature 
should 
be selected 
(110°C). 


4) LM2587 
package 
thermal 
resistances 
(JJAand (JJC (given 
in the Electrical 
Characteristics). 


Total 
power dissipated 
(Po) by the LM2587 
can be estimat- 


ed as follows: 


Boost: 


P 
= O.15!1 x ( ILOAO)2 
X D + 
ILOAD 
X D x V 
o 
1-D 
50X(1-D) 
IN 


Flyback: 


P 
= O.15!1 x ( N X ~ILOAO )2 
X D 
o 
1-D 


+ 
NX~ILOAO 
X D x V 
50X(1-D) 
IN 


VIN is the minimum 
input voltage, 
VOUT is the output 
volt- 


age, N is the transformer 
turns ratio, D is the duty cycle, and 
ILOAO is the maximum 
load current 
(and ~ILOAO is the sum 
of the 
maximum 
load 
currents 
for 
multiple-output 
flyback 
regulators). 
The duty cycle 
is given 
by: 


Boost: 


D = 
VOUT + VF - 
VIN 
'" 
VOUT - 
VIN 


VOUT + VF - 
VSAT 
VOUT 


Flyback: 


D = 
VOUT + VF 


N(VIN - 
VSAT) + VOUT + VF 


VOUT 


N(VIN) + VOUT 


where 
VF is the forward 
biased 
voltage 
of the diode 
and is 
typically 
O.5V for Schottky 
diodes 
and O.8V for fast recovery 
diodes. 
VSAT is the 
switch 
saturation 
voltage 
and can 
be 
found 
in the Characteristic 
Curves. 


When 
no heat sink is used, the junction 
temperature 
rise is: 


llTJ 
= 
Po X 8JA. 


Adding 
the junction 
temperature 
rise to the maximum 
ambi- 
ent temperature 
gives the actual 
operating 
junction 
temper- 
ature: 


TJ = llTJ 
+ TA· 


If the operating 
junction 
temperature 
exceeds 
the maximum 
junction 
temperatue 
in item 
3 above, 
then 
a heat 
sink 
is 
required. 
When 
using a heat sink, the junction 
temperature 


rise can be determined 
by the folloWing: 


II TJ = Po X ((JJC + (Jlnlerface 
+ (JHeal SiniJ 


Again, 
the operating 
junction 
temperature 
will be: 


TJ=llTJ+TA 


Application 
Hints (Continued) 


As before, 
if the maximum 
junction 
temperature 
is exceed- 


ed, a larger heat sink is required 
(one that has a lower ther- 


mal resistance). 


Included 
in the Switchers 
Made 
Simple@ (Version 
4.0) de- 


sign software 
is a more 
precise 
(non-linear) 
thermal 
model 


that 
can 
be used 
to determine 
junction 
temperature 
with 


different 
input-output 
parameters 
or 
different 
component 


values. 
It can also calculate 
the heat sink thermal 
resistance 
required 
to maintain 
the regulator 
junction 
temperature 
be- 


low the maximum 
operating 
temperature. 


To further 
simplify 
the f1yback regulator 
design 
procedure, 
National 
Semiconductor 
is making 
available 
computer 
de- 


sign software 
and an application 
note 
to be used 
with the 


LM2587 
SIMPLE 
SWITCHER@ 
line of switching 
regulators. 


Switchers 
Made 
Simple@ 
(Version 
4.0) software 
is avail- 


able 
on a (3'A*) 
diskette 
for IBM 
compatable 
computers 


from a National 
Semiconductor 
sales 
office 
in your area or 


the 
National 
Semiconductor 
Customer 
Response 
Center 


(1-800-272-9959). 
The 
SIMPLE 
SWITCHER@ 
Designer's 


Guide 
(AN-978) 
is also 
available 
from 
the 
Customer 
Re- 


sponse 
Center. 


European Magnetic Vendor 
Contacts 


Please 
contact 
the following 
addresses 
for details 
of local 
distributors 
or representatives: 


Coilcraft 


21 Napier 
Place 
Wardpark 
North 
Cumbernauld, 
Scotland 
G68 OLL 
Phone: 
+ 44 1236 730 595 
Fax: +441236730627 


Pulse Engineering 


Dunmore 
Road 
Tuam 
Co. Galway, 
Ireland 
Phone: 
+ 353 93 24 107 
Fax: + 353 93 24 459 


• 


.•..o 
~ t!JNational 
Semiconductor 


LM3001 Primary-Side PWM Driver 


General Description 
The LM3001 is a primary-side PWM driver that provides all 
the system start-up, switch control, and protection functions 
needed on the primary side of an isolated offline converter. 
It is primarily designed for pulse communication between 
the primary and secondary controllers. 
The LM3001 combined with the LM3101 secondary-side 
controller forms an offline converter chip set which allows 
electrical isolation between the high-power primary-side 
switch and the precision secondary-side control. Second- 
ary-to-primary communication is achieved using pulse com- 
munication, via a small pulse transformer. 
The primary-side driver includes a 2.5A totem-pole output 
switch with rise and fall times of less than 20 ns. This allows 
the LM3001 to operate at frequencies from below 50 kHz to 
beyond 1 MHz. The maximum duty cycle is programmable 
for each application. There are two levels of current limit 
within the LM3001, both of which are ground-referenced. 
One is a cycie-by-cycle current limit which activates at 
0.38V. The other is a secondary current limit that activates 
at 0.6V. This current limit shuts down the LM3001 for a pro- 
grammable deadtime, which is set with an external capaci- 


tor. Although the LM3001 is optimized for pulse feedback 
communication, it can also operate with conventional opto- 
coupler feedback. 


Features 
• 
2.5A peak high speed output driver 
• 
Low start-up current (typ. 190 /LA) 
• 
Dual-level current limit with programmable lockout time 
• 
Duty cycle clamp 
• 
Operation beyond 1 MHz 
• 
Soft-Start, undervoltage and overvoltage lockout with 
hysteresis 
• 
Low output saturation voltage: Maximum of 1.5V at 
400 mA sink current 
• 
Active low output when in Undervoltage Lockout 


Typical Applications 
• 
Isolated offline switching power supplies 
• 
Isolated Power DC/DC converters 
• 
Flyback converter 
• 
Forward converter 


Absolute Maximum Ratings 
(Note 1) 
Operating Ratings 


If Military/Aerospace 
specified devices are required, 
Supply Voltages 
8.5V ,,; Vs ,,; 20V 
please 
contact 
the 
National 
Semiconductor 
Sales 
8.5V ,,; Pvs ,,; 20V 
Office/Distributors for availability and specifications. 
Junction 
Temperature 
Range 
-40·C"; 
TJ"; 
+125·C 
Supply Voltage 
(Vs. Pvs) 
20V 


Vs-Pvs 
±0.3V 


Pulse Interface 
Input Current 
(lpIN) 
±4mA 


ESD (Note 2) 
2kV 


Electrical Characteristics 
Specifications 
with standard 
type face are for TJ = 25·C. and those 
in bold type 
face 
apply 
over 
full Operating 
Temperature 
Range. 
Unless 
otherwise 
specified, 
Vs = 
Pvs 
= 
15V. 
CL = 
1 nF, 
RL = 10 kil. 
RT = 5.76 kil. 
CT = 200 pF (Fo = 500 kHz). 


Symbol 
I 
Parameter 
I 
Conditions 
I 
Mln 
I 
Typ I 
Max 
I 
Units 


OSCILLATOR SECTION 


Fo 
Oscillator 
Frequency 
RT = 5.76 kil. 
CT = 200 pF 
425 
500 
575 
kHz 
(Note 3) 
400 
600 


RT = 5.29 kil, 
CT = 100 pF 
0.85 
1.0 
1.15 
MHz 
0.80 
1.20 


Vpp 
Peak-to-Peak 
Voltage 
(Pin 14) 
1.0 
V 


ICT(SINK) 
Timing Capacitor 
Sink Current 
VCT = 3.5V 
3.0 
mA 


I!J.Fo/I!J.Vs 
Line Regulation 
9.8V ,,; Vs ,,; 20V 
0.02 
0.1 
%/V 


PULSE INTERFACE SECTION (Note 4) 


IpIN(SINK) 
Minimum 
Pulse Input 
0.16 
0.25 
mA 
Sink Current 
Threshold 
0.35 


IpIN(SOURCE) 
Minimum 
Pulse Input 
0.25 
0.40 
mA 
Source 
Current Threshold 
0.50 


tpw 
Minimum 
Pulse Width 
15 
30 
ns 


tdON 
Pulse Rise 
28 
42 


Delay-to-Output 
Time 
49 
ns 


'dOFF 
Pulse Fall 
26 
42 


Delay-to-Output 
Time 
47 
ns 


PULSE·WIDTH MODULATOR SECTION 


DMIN 
Minimum 
Duty Cycle 
3 
4.75 
% 
5 


DMAX 
Maximum 
Duty Cycle 
RDL = 26.1 kil 
78 
85 
91 


% 
97 


RDL = 22.6kil 
42 
50 
58 
60 


% 


CURRENT LIMIT SECTION 


VCL1 
Pulse-by-Pulse 
Current 
0.32 
0.38 
0.44 


Limit Threshold 
Voltage 
0.28 
0.46 
V 


VCl2 
Secondary 
Current 
Limit 
0.55 
0.60 
0.67 
V 
Threshold 
Voltage 
0.50 
0.70 


I!J.tdCL 
Pulse-by-Pulse 
Current 
200 mV overdrive 
50 
70 
Limit Delay Time 
85 
ns • 


Electrical Characteristics 
Specifications 
with standard 
type face are for TJ = 25°C. and those 
in bold type 


face 
apply 
over 
full Operating Temperature Range. Unless 
otherwise 
specified. 
Vs 
= PVS = 
15V. 
CL = 
1 nF. 
RL = 10 kn. 
RT = 5.76 kn. 
CT = 200 pF (Fo = 500 kHz). (Continued) 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


CURRENT 
LIMIT SECTION 
(Continued) 


Is 
Current 
Limit Sense 
-0.35 
/LA 
Input Bias Current 


ICSD 
Secondary 
Current 
Limit 
(Note 5) 
58 
65 
70 


Restart 
Capacitor 
42 
84 
/LA 


Charge Current 
(Pin 5) 


aVSD 
Secondary 
Current 
Limit 
1.30 
1.40 
1.55 
V 


Restart 
Hysteresis 
1.20 
1.65 


OUTPUT 
SECTION 


VOL 
Output 
Low 
ISINK = 400 mA 
1.3 
1.5 
V 
Saturation 
Voltage 
1.8 


ISINK = 20mA 
1.0 
1.2 
V 


VOH 
Output 
High 
ISOURCE = 400 mA 
2.0 
2.4 
V 
Saturation 
Voltage 


ISOURCE = 20 mA 
1.6 
1.9 
V 


tR 
Rise Time 
CL = 1000pF 
11 
22 
25 
ns 


tF 
Fall Time 
CL = 1000 pF 
8 
18 
20 
ns 


OVERVOL 
TAGE SHUTDOWN 
SECTION 


VOVTH 
Overvoltage 
Shutdown 
3.05 
3.30 
3.55 
V 
Comparator 
Threshold 
Voltage 
2.80 
3.80 


VOVH 
Overvoltage 
Shutdown 
0.10 
0.19 
0.25 
V 
Comparator 
Hysteresis 
0.06 
0.31 


UNDERVOLTAGE 
LOCKOUT 
SECTION 


VULTH 
Turn-On 
Threshold 
Voltage 
11.0 
11.8 
12.6 
V 
10.0 
13.6 


VULH 
Undervoltage 
Lockout 
2.80 
3.20 
3.60 
V 
Hysteresis 
2.40 
3.80 


SOFT-START 
fDELA Y SECTION 


Iss 
Soft-Start 
Current 
(Note 5) 
61 
66 
71 


57 
75 
/LA 


VSS 
Soft-Start 
Threshold 
Voltage 
2.10 
2.30 
2.60 
V 
1.90 
2.80 


VSI 
Initial Soft-Start 
Voltage 
(Note 6) 
0.7 
V 


SUPPLY 
AND START -UP SECTION 


Is 
Supply Current 
100% 
Duty Cycle and No Load 
21 
28 
mA 
(Note 7) 
32 


10 
Quiescent 
Current 
Vs = 9V (Note 7) 
190 
250 
300 
/LA 


Note 
1: Absolute 
Maximum 
Ratings indicate limits beyond which damage 
to the device may occur. Operating 
Ratings indicate conditions for which the device is 


intended 
to be functional, 
but do not guarantee 
specific performance 
limits. For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 


Note 
2: Pins 6 and 10, the Current Limit Input and the Overvoltage 
Threshold 
pins respectivety, 
have an ESO rating of 1.8 kV. 


Note 
3: The oscillator frequency 
is set by RT and CT according to the equation: 


...!... ~ 
T = CT. 
(1.5 (RT) + 7280). 


Fa 


Note 
4: The internal oscillator will synchronize 
to the frequency 
of the feedback 
pulse. 


Note 
5: These 
currents are set by RT according 
to the equation: 


1 ~ 
1.4V/(2.RT). 


The timing resistor during these tests is set at 10.6 kn. 


Note 
6: The initial Soft·Start 
voltage is the Yoltage at the beginning of the start·up or re-start cycle. 


Note 
7: Total supply current drawn by Vsand 
Pvs supply pins. 


Typical Performance 
Characteristics 


Supply Current 
Startup 
Supply Current 
Oscillator 
Frequency 


24 
220 
1100 


Vs 
=' 
Pys 
=' 
15V 
210 
IlO00 


e, } 
10;Pf 
f:;;;:: I- 


< 
23 
< 
I- 
~ 
.3 200 
~ 900 
" 
z 
22 
z 
-- 


z 


./ - 
~ 190 
~ 800 
~ 
~ 
"'- 
~ 
~ 
/ 
.••.•.. 
~ 
RT =' 
5.6 
kn 
" 
" 
180 
700 
~ 
21 
~ 
"'- 
~ 
~ 
~ 
~ 


~ 


170 
600 
~ 
" 
~ 
20 
~ 


e, = 200 
pf 


160 
500 


19 
150 
400 
-50 
-25 
0 
25 
50 
75 
100 
125 
-50 
-25 
0 
25 
50 
75 
100 
125 
-50 
-25 
0 
25 
50 
75 
100 
125 


JUNCTION 
TEI.IPERATURE 
(OC) 
JUNCTION 
TEWPERATURE 
(oc) 
JUNCTION 
TEMPERATURE 
(OC) 


Current 
sense 
Comparator 
Output 
Low Saturation 
Output 
High Saturation 
Input Bias Current 
Voltage 
(Sinking) 
Voltage 
(Sourcing) 


500 
1.5 
2.4 


1.4 
2.3 I, 
450 
1""- 
> 
"'- 
400 
mA 
> 
2.2 
- 
< 
~ 
1.3 
2.1 
..=. 400 
" 


~ 
I'-.... 
< 


z 
I'-. 
~ 
1.2 
2.0 '- 


•..•.•..• 
~ 350 
§! 
...••.•.... 
§! 
1.9 
400 
mA 
~ 
.•..•... 
z 
f'.... 
- 
~ 
I'-- 


0 
1.1 
i'i 
I-- 


" 
i 


"'- 
i 


1.8 
~ 300 


....•. 


< 
F:: 
1.0 
1.7 
a; 
20? 
mA - 


200 
mA 
r-..... 


250 
I., 
"'" 
0.9 
1.5 


200 
0.8 
1.4 


-50 
-25 
0 
25 
50 
75 
100 
125 
-50 
-25 
0 
25 
50 
75 
100 
125 
-50 
-25 
0 
25 
50 
75 
100 
125 


JUNCTION 
TEMPERATURE 
(OC) 
JUNCTION 
l(WPERATURE 
(OC) 
JUNCTION 
TEWPERATURE 
(OC) 


TUH/11435-2 


Overvoltage 
Comparator 
Rise Time 
vs 
Fall Time 
vs 
Input Bias Current 
Load Capacitance 
Load Capacitance 


0.090 
120 


TJ = 2510c 


120 


0.085 
100 
100 


TJ = 1250C 
/ 


< 
" 
/ 
7 


..:; 


z 
0.080 


"- 


80 
80 


~ 
- 
V 
- 
I 
0.075 
'" 
60 
~ 
60 


c 
...•. 
;= 
/ 


;= 
1/ 
0 
0.070 
'- 
~ 
~ 
" 
40 
< 
40 
~ 
"'- 
/ 
J 
~ 0.065 
" 


20 
20./ 
- 
0.060 
0 
0 


-50 
-25 
0 
25 
50 
75 
100 
125 
0 
5 
10 
15 
20 
0 
5 
10 
15 
20 


JUNCTION 
TEWPERATURE 
(OC) 
lOAD 
CAPACITANCE 
(nf) 
lOAD 
CAPACITANCE 
(nF) 


TUH/l 
1435-3 • 


Connection 
Diagram and Ordering Information 


14-Lead 
Package 
For DIP Package 
Order 
Number 
LM3001N 


R 
T .!. • '-J 
JJc.r 
See NS Package 
Number 
N14A 


RoL 1 
J1 NC' 
For Surface 
Mount 
Package 


PIN1 
11 Ys 
Order 
Number 
LM3001M 


Css 1 
l.! GND 
See NS Package 
Number 
M14B 


CSD1. 
1.Q OY 
TH 
Consult 
your local National 
Semiconductor 
Sales 


CUM ..2. 
.1POND 
Office 
for Availability 
of this Device 


PyS2 
.1Y 
OUT 


in the Surface-Mount 
Package 


TLlH/11435-4 


*00 
not connect 
to this pin. 


Top View 


Pin-by-Pin Description 


Pin No. 
Symbol 
Function 
Description 


Pin 1 
RT 
Timing 
Resistor 
A resistor 
from this pin to ground 
and a capacitor 
from pin 14 to ground 
programs 
the oscillator 
frequency 
by the following 
formula: 


1/Fo = T = CT. 
(1.5 • RT + 728) 
[s, F, 01 


Pin2 
ROL 
Duty Cycle Limit 
The duty cycle limit is set by connecting 
a resistor. 
from this pin to ground, 


using the following 
formula: 


ROL = Rd(DMAX· 
1.71 V) + 3.11V1 
[0. VI 


for RT ;;, 5 kO and 3.37V 
,;; ROL /RT 
,;; 4.56. An internal 
current 
source 
develops 
a Yoltage across 
this resistor 
which is compared 
to the oscillator 
ramp voltage 
(see the block diagram 
and the Oscillator 
section 
of the 
Functional 
Decriptions). 


Pin 3 
PIN 
Pulse Input 
Input for feedback 
pulses in pulse communication 
operating 
mode. The 
peak current 
of these pulses can range from 0.3 mA to 4 mA. 


Pin4 
Css 
Soft -Start Capacitor 
A capacitor, 
connected 
from this pin to ground, 
programs 
the Soft-Start 


and Delay 
time delay. The Soft-Start 
time delay is made up of two parts: a time delay 
during which the output 
is turned off (zero duty cycle), and a time period in 
which the duty cycle goes from zero to its maximum 
value. set by the Duty 
Cycle Limit (see pin 2 description). 
The time delay equation 
is: 


toss = 2· 
Css • RT 
[s, F.OI 


The rate at which the duty cycle ramps up from zero to its maximum 
limit 
follows 
the equation: 


D/t = 0.58/(Css 
• RT) 
[s, F.OI 


Pin5 
CSO 
Shutdown 
Delay Capacitor 
A capacitor. 
connected 
from this pin to ground. 
provides 
a time delay 
before the device can restart from a second 
level current 
limit shutdown 
(see pin 6 description). 
This action is governed 
by the formula: 


tso = 2 • CSO • RT 
[so F,OI 


Pin 6 
CUM 
Current 
Limit Input 
This provides 
a pulse-by-pulse 
current 
limit, with a voltage 
threshold 
of 
0.38V. If that is exceeded, 
a second 
level current 
limit, with a 0.60V 
threshold 
voltage 
shuts down the chip completely 
for a programmed 
time 
period (see pin 5 description). 


Pin7 
Pvs 
Driver Supply Voltage 
Supply of the output driver. 


Pin8 
VOUT 
Driver Output 
Driver output. 
It can drive an external 
power MOSFET 
(in 11 ns typically) 
with peak source or sink currents 
of up to 2.5A. 


Pin 9 
PGNO 
Power Ground 
Power ground. 


Down 
lne 
OUtpUt OflVt::nII lilt:' 1IIft:'l:tl 
lUlU 
VUlld.ytl' I~ tl'Al"OOUOU. 1110 Ullv~IIVIU 


. 
voltage 
is 3.3V typical. 


Pin 11 
GND 
Ground 
Signal ground. 


Pin 12 
Vs 
Supply Voltage 
Supply voltage 
of the control 
circuit. 


Pin 13 
NC 
No Connect 
Internal Test Point. Leave Open. 


Pin 14 
CT 
Timing 
Capacitor 
Inserting 
a capacitor 
from this pin to ground 
and a resistor 
from pin 1 to ground 
programs 
the oscillator 
frequency 
by the following 
formula: 


1/FO 
= T = CT. 
(1.5 • RT + 728) 
[s, F,OI 


~ 


oon 


SW2 


2000 pI 
100 
pF 
SW5 


2 ~pp 
~ 
~100 
pF 
500 
kHz 
.gz7\ndl= 
V2SW~;~;;- 


~ 
200n 


4 
Css 
SW4 


5 
CSD 


Initial Conditions: 
SW1-Gonnects 
pin 14 to 100 pF capacitor. 
SW2-0pen. 
SW3--Connects 
200n to ground. 
SW4-Gonnects 
pin 5 to 100 pF capacitor. 
SW5--Connects 
pin 4 to 2000 pF capacitor. 


Bench Test Procedure* 


"The 
LM3001 
specifications 
are measured 
using automated 


test 
equipment. 
This 
circuit 
is provided 
for the customer's 


convenience 
when 
checking 
parameters. 
Due to possible 


variations 
in testing 
conditions, 
the 
measured 
values 
from 


these testing 
procedures 
may not match those 
of the facto- 


ry. 


Required 
Equipment: 
Voltmeter, 
Storage 
Oscilloscope, 
Function 
Generator, 
Power Supply. Apply 
15V between 
Pvs 


and PGNO. Then 
proceed 
with the following 
steps. 


OSCILLATOR 
SECTION 


Step 
1: Measure 
the voltage 
at pin 1, across 
the 5.29 
kO 
timing 
resistor 
RT. It should 
range 
between 
1.35 VDC and 


22.5 kn 
r::v 


SW1 
~ 


r1000 
pF 


1.55 VDC. Switch 
pin 14 from the 100 pF timing 
capacitor, 
CT, to the 22.5 kO resistor. 
Measure 
the voltage 
across 
the 
resistor. 
It should 
be about 
2.5V. Switch 
pin 14 back to the 


100 pF capacitor. 


Step 
2: Measure 
the peak-to-peak 
voltage 
at pin 14 (across 


the timing 
capacitor 
CT). It should 
be approximately 
1.0V. 


Observe 
the waveform 
across 
the capacitor. 
The waveform 


frequency 
should 
measure 
approximately 
1 MHz, 
and the 


shape 
of the waveform 
should 
be sawtooth. 


Step 
3: Measure 
the voltage 
at pin 2 (across 
the 24k resis- 


tor ROl). 
It should 
be approximately 
2.65V. 
• 


Bench Test Procedure* 
(Continued) 


SWITCHING 
OUTPUT 
SECTION 


Step 
4: Observe 
the waveform 
at pin 8 (VOUT). It should 
be 
a 
pulse-width 
modulated 
waveform 
with 
a frequency 
of 
about 
1 MHz, the same 
frequency 
as the waveform 
of CT 
(Step 2). Measure 
the duty cycle 
of the VOUT waveform. 
It 
should 
be approximately 
35%. 


Step 
5: Measure 
the rise and fall times of the VOUT signal at 
pin 8. They 
each 
should 
be typically 
12 ns. Measure 
the 
saturation 
voltage 
levels. 
The 
low saturation 
voltage 
level 
should 
measure 
about 
1.5V, and the high saturation 
voltage 
level should 
be about 
13.5V (15V-1.5V). 


Step 
6: Close 
SW2 
to 
apply 
V1, a 500 
kHz 
2VPK-to-PK 
square 
wave, 
to pin 3 (the 
PIN input) 
through 
the 
50011, 
100 pF RC filter. The waveform 
at the VOUT output 
should 
be a 500 kHz square wave. Measure 
the delay time from the 
rising edge 
of the input signal to the rising edge of the out- 
put waveform. 
The delay time should 
measure 
about 20 ns. 
The 
delay 
time 
between 
the 
falling 
edges 
of each 
signal 
should 
be the same. 


Step 
7: Open SW2 to disconnect 
the pulse waveform 
from 
pin 3. Observe 
the VOUT waveform. 
It should 
also 
be off. 
Turn off the supply voltage. 


INTERNAL 
SUPPLY 
OPERATIONS 


Step 
8: Slowly 
turn on the supply 
voltage 
back 
up toward 
15V, while observing 
the VOUT pin. Note the supply voltage 
when 
the 
VOUT PWM waveform 
starts 
up-I.e., 
when 
the 
device 
turns on. The supply voltage 
should 
be about 
11.8V. 
Measure 
the current 
into the supply pins PVS and Vs (pins 7 
and 12 respectively). 
The Pvs supply 
current 
should 
range 
from 
13 mA to 23 mA, while the Vs supply 
current 
is about 
12 mA. Decrease 
the supply 
voltage 
until the output 
shuts 
down. 
The supply 
voltage 
should 
read approximately 
8.6V. 
Reset 
the supply 
voltage 
to 15V so that the device 
is back 
on. 


Step 
9: Increase 
the 
supply 
voltage 
until the 
VOUT signal 
turns off. The voltage 
at the Overvoltage 
Threshold 
pin (pin 
10) should 
be between 
3.0V and 3.6V. The supply 
voltage 
should 
be approximately 
20V. Return 
the supply 
voltage 
to 
15V. 


CURRENT 
LIMIT 
SECTION 


Step 
10: Connect 
V2 (an adjustable 
voltage 
source 
set to 
OV) through 
SW3 to the 20011 resistor 
connected 
to pin 6, 
the Current 
Limit Input. Raise the voltage 
from OV to 0.45V 
into 
the 
20011 resistor 
while 
monitoring 
the 
VOUT signal. 


Output 
driver 
VOUT should 
show 
a PWM waveform 
with 
a 
minimum 
duty 
cycle 
of 
approximately 
3%. 
The 
minimum 
duty cycle 
waveform 
should 
start when 
the voltage 
source 
reaches 
approximately 
0.38V. 


Step 
11: Increase 
the voltage 
at the source 
until the output 
turns 
off completely. 
The voltage 
should 
measure 
approxi- 
mately 
0.6V. The output 
should 
remain 
completely 
off until 
the shutdown 
time delay 
has expired 
and the voltage 
is re- 
moved. 


SHUTDOWN 
DELAY IsOFT·sTART 
CONTROL 
SECTION 


Step 
12: Measure 
the shutdown 
time delay 
between 
when 
the 
V2 voltage 
source 
is removed 
from 
the 
20011 resistor 
and 
when 
the 
output 
starts 
up again. 
It should 
equal 
the 
product 
of the following 
equation: 


TSD = 2· 
CSD • RT· 


With a 100 pF shutdown 
delay capacitor 
(CSD) at pin 5 and 
a 5.29 
kl1 timing 
resistor 
(RT) at pin 1, the shutdown 
time 
deiay should 
be approximately 
1.3 1J.s. 


Step 
13: Switch 
SW4 from the shutdown 
delay capacitor 
to 
the 18 kl1 resistor 
at pin 5. Measure 
the voltage 
across 
the 
18 kl1. It should 
measure 
about 
2.0V. Return 
the switch 
to 
the 100 pF capacitor. 


Step 
14: Switch 
SW5 
from 
the 
2000 
pF Soft-Start 
delay 
capacitor 
to the 27 kl1 resistor 
at pin 4. Measure 
the voltage 
across 
the 27 kl1 resistor. 
It should 
measure 
about 
3.0V. 
Return 
the 
switch 
to the 
2000 
pF capacitor. 
Turn 
off the 
supply voltage. 
End of test. 


For further 
information 
on the 
IC operation, 
see the 
Func- 
tional 
Section 
Descriptions 
in the Application 
Section. 


Functional Description 


OSCILLATOR 
SECTION 


The LM3001 
oscillator 
can set the operating 
frequency 
from 
50 kHz to over 
1 MHz. The oscillator 
requires 
an external 
resistor 
and capacitor 
to determine 
the operating 
frequen- 
cy-the 
equation 
is: 


1/Fo 
= T = CT. 
(1.5· 
RT + 728). 


With a 6 kl1 timing 
resistor 
and a 200 pF timing 
capacitor, 
the formula 
calculates 
the operating 
frequency 
at 514 kHz. 
At higher operating 
frequencies, 
the oscillator 
frequency 
de- 
viates 
from 
this equation 
due to switching 
delays. 
Figure 
1 
shows 
the oscillator 
frequency 
for different 
combinations 
of 
timing 
capacitors 
and resistors. 
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Pulse-by- 
Pulse Current 


Camp 


PULSE·WIDTH 
MODULATOR 
SECTION 


The 
pulse-width 
modulator 
(PWM) 
section 
consists 
of the 
PWM comparator 
and the PWM flip-flop 
(see Figure 2). Dur- 
ing normal 
pulse feedback 
operation, 
the pulse interface 
cir- 
cuit 
will 
set or reset 
the 
PWM 
flip-flop, 
which 
in turn, 
will 
latch on or off the output 
driver 
(see the timing 
diagrams 
in 
the pulse interface 
section 
of the Application 
Hints section). 
During start-up, 
or opto-coupler 
feedback 
operation, 
the os- 
cillator 
will set the PWM latch, and the PWM comparator 
will 
reset the latch. 


PWM COMPARATOR 
CIRCUIT 


The PWM Comparator 
is fed by several 
different 
inputs. The 
inverting 
inputs 
are the duty cycle 
limit input (Rm), 
and the 
Soft-Start 
(Css). 
The 
non-inverting 
input 
comes 
from 
the 
external 
timing capacitor, 
CT. The sawtooth 
waveform 
at CT 
is adjusted 
up one 
base-emitter 
junction 
voltage, 
and 
ap- 
plied to the non-inverting 
input. 
Hence, 
this input is a saw- 
tooth 
waveform 
oscillating 
between 
2.32V to 3.3V. The lev- 
el-shifted 
oscillator 
ramp 
voltage 
is compared 
to the 
two 
inverting 
inputs. The lowest 
input determines 
the PWM com- 
parator 
output 
and 
thus 
the 
state 
of 
PWM 
flip-flop. 
The 
PWM flip-flop 
controls 
the output 
driver, 
driving 
it on or off. 


DUTY CYCLE 
LIMIT 


Duty cycle 
limit can be used for either 
pulse or opto-coupler 
feedback 
systems. 
A current 
mirror delivers 
one-half 
of the 
timing 
resistor 
current 
to the ROL input. 
Inserting 
a resistor 
from 
this pin to ground 
will produce 
a VOltage, that is com- 
pared 
to the 
oscillator 
ramp 
voltage. 
The 
result 
limits 
the 


duty cycle 
of the regulator 
circuit. 
The maximum 
duty cycle 
can be calculated 
using the following 
equation: 


DMAX = [ROL/(1.71 
• RT)] - 
1.82 


For instance, 
if the 
ROL input 
had a 23.3 
kn 
resistor 
con- 
nected 
to it, and the timing 
resistor 
was 6 kn, the maximum 
duty cycle would 
be approximately 
45%. 


Conversely, 
if a known 
maximum 
duty 
cycle 
was 
desired, 
the calculation 
for ROL would 
be: 


ROL = RT [(1.71. 
DMAX) + 3.11] 


For example, 
a 30% 
duty cycle 
(and a 6 kn timing 
resistor) 
would 
result in a ROL of 21.7 kn. 


To disable 
the duty cycle 
limit, the voltage 
at the 
ROL pin 
must be greater 
than 3.3V. The graph in Figure 3 shows 
the 
maximum 
duty cycle for a range 
of ROL resistor 
values. 
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FIGURE 
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vs ROL • 


Functional Description 
(Continued) 


SOFT-START 


The Soft-Start 
function 
limits the duty cycle 
at start-up. 
At 
start-up, 
a current 
source 
charges 
the Soft-Start 
capacitor 
with a current 
that is half the current 
that flows 
through 
the 
timing 
resistor 
(see 
the 
PWM 
block 
diagram). 
Before 
the 
Soft-Start 
voltage 
reaches 
2.32V, 
the 
low voltage 
level 
of 
the timing 
capacitor 
peak-to-peak 
voltage, 
the 
PWM com- 
parator 
delivers 
a high signal to the reset input of the PWM 
flip-flop 
(see the timing 
diagram 
in Figure 
4). 
This forces 
it 
and the output 
driver 
off. At the point where 
the Soft-Start 
voltage 
reaches 
2.32V, 
the 
PWM 
comparator 
changes 
its 
output 
state, 
turning 
on the 
PWM 
flip-flop 
and the 
output 
driver. 
However, 
the Soft-Start 
circuit 
still limits the duty cy- 
cle. The duty cycle 
will progressively 
get longer 
with each 
cycle, 
until either the duty cycle 
limit is reached 
or the feed- 
back signal takes 
control 
of the PWM circuit. 


The formula 
for the Soft-Start 
time delay 
(the time the volt- 
age at the Soft-Start 
pin reaches 
the 2.32V 
level) 
is: 


to = 2· 
Css • RT. 


After 
this time delay, 
the Soft-Start 
circuit 
limits the rise of 
the duty cycle. 
The amount 
the duty cycle 
rises to, and the 
time spent 
getting 
there, 
both depend 
on whether 
the duty 
cycle 
limit voltage 
level 
(VROU or the current 
limit voltage 
level (VCUM) assumes 
control 
of the duty cycle 
first during 
start-up. 
Assuming 
the duty cycle 
limit voltage 
level 
is the 
Soft-Start 
voltage 
threshold 
during 
start-up, 
then the speed 
at which 
the duty cycle 
achieves 
its maximum 
level is: 


DMAX/tss 
= 0.71/(Css· 
RT)· 


And if the rise time is known, 
then the Soft-Start 
capacitor 
can be calculated 
as: 


Css = (0.71 • tss)/(DMAX· 
RT)· 


The Soft-Start 
circuit 
has a clamp 
voltage 
of 4.2V. Leaving 
the pin open 
will disable 
the Soft-Start 
function. 


DT 
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PULSE INTERFACE 
SECTION 


Figure 
5 shows 
the 
block 
diagram 
of the 
pulse 
interface 
section. 
The 
pulse 
interface 
circuit 
will 
take 
AC 
coupled 
feedback 
pulse 
signals 
and set or reset 
the PWM flip-flop, 
depending 
upon whether 
the pulse signal is positive 
or neg- 
ative-a 
positive 
pulse 
will set the flip-flop, 
a negative 
one 
will reset it. In turn, the flip-flop 
will turn on or off the output 
driver. 
Hence, 
the feedback 
signal 
through 
the pulse 
inter- 
face circuit will control 
the LM3001 
operating 
frequency 
and 
duty cycle 
(in steady-state 
operation). 


The AC-coupled 
current 
pulses 
can 
be as low as 0.3 mA 
(guaranteed), 
and 
as narrow 
as 15 ns (typical). 
The 
mini- 
mum time between 
pulses is approximately 
10 ns. The maxi- 
mum 
current 
pulse 
that 
the 
feedback 
pin 
can 
handle 
is 
4 mA. Feedback 
signals 
beyond 
4 mA can either 
cause 
im- 
proper 
operation 
or catastrophic 
failure of the LM3001. 
The 
time delay 
between 
when 
the feedback 
pulse 
signal 
is re- 
ceived 
and when the output 
gate drive signal changes 
state 
is 28 ns typically. 


During start-up 
of an isolated 
offline 
converter, 
once a posi- 
tive AC-coupled 
feedback 
signal 
is applied 
to the pulse 
in- 
terface 
circuit, 
the circuit 
will synchronize 
the internal 
oscil- 
lator to the feedback 
signal frequency. 
The same signal will 
also turn on the output 
driver. 
If, after 
the pulse 
feedback 
was established 
and for any reason 
it was terminated, 
the 
output would deliver the signal that was set by the last pulse 
sent by the feedback 
circuit. 
For example, 
if the output 
driv- 
er was set high, and the LM3001 
did not receive 
any further 
feedback 
pulses, 
then 
the output 
driver 
would 
stay turned 
on. Either the current 
limit circuit 
or the duty cycle 
limit cir- 
cuit would shut down the output 
under these circumstances. 


OUTPUT 
DRIVER 
SECTION 


The 
Output 
Driver 
is a totem 
pole 
output 
stage 
that 
can 
supply or sink 2.5A peak currents 
at speeds 
less than 20 ns. 
That is enough 
current 
to charge 
or discharge 
thousands 
of 
picofarads 
of load capacitance, 
which 
is present 
when 
driv- 
ing Power MOSFETs. 
The saturation 
voltages 
of the internal 
power 
transistors 
are 
typically 
1.5V 
from 
the 
rails 
when 
sourcing 
or sinking 
400 mA. 


A demonstration 
of the drive capability 
of this output 
stage 
is shown 
in Figure 
6. The drawings 
show 
the output 
stage 
driving 
different 
values 
of 
load 
capacitance 
during 
pulse 
feedback 
operation. 
As shown, 
with a load capacitor 
value 
of 1,000 pF, the rise time is typically 
11 ns, and the fall time 
is typically 
8 ns. The supply 
voltage 
in all cases 
was 15V. 
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CURRENT 
LIMIT SECTION 


There 
are two 
circuits 
in the 
LM3001 
that 
limit 
the 
peak 
primary 
current. 
One executes 
pulse-by-pulse 
current 
limit- 


ing, and the 
other 
is a total 
shutdown 
current 
limit, which 


shuts 
down 
the 
output 
driver 
(and thus, 
the 
Power 
MOS- 
FET) for a programmable 
amount 
of time. Both current 
limit 


circuits 
monitor 
the peak primary 
current 
by comparing 
the 


voltage 
on the CUM 
input (pin 6) against 
two different 
volt- 


age thresholds. 


The voltage 
threshold 
for the pulse-by-pulse 
current 
limit is 


0.38V 
(typical). 
When that threshold 
voltage 
is reached, 
the 


pulse-by-pulse 
current 
comparator 
turns 
off 
the 
present 


Power 
MOSFET 
gate drive by sending 
a high signal to the 


clear input of the PWM flip-flop. 
The current 
limit circuit will 


activate 
again during the next cycle, if the 0.38V threshold 
is 


exceeded 
again. 


The voltage 
threshold 
for the total shutdown 
current 
limit is 


0.6V. 
When 
that 
current 
limit 
comparator 
is activated, 
it 


forces 
the inverting 
input of the lockout 
comparator 
low (to 


about 0.7V) by driving a Darlington 
transistor 
into saturation. 
With the other 
input connected 
to a 2.1 V reference 
voltage, 


the 
lockout 
comparator 
outputs 
a high signal 
to the 
PWM 


flip-flop 
clear 
input 
(via the 
OR gate). 
A high signal 
at its 


clear pin shuts down the PWM flip-flop 
and thus, the output 


driver. The output 
driver will remain off until the voltage 
level 


at the 
lockout 
comparator 
inverting 
input 
becomes 
larger 


than the voltage 
at its non-inverting 
pin (because 
the shut- 


down 
delay 
has expired 
and the voltage 
at the CUM 
pin is 


less than 0.6V). 


The shutdown 
delay 
is controlled 
by an external 
capacitor 


(on the Cso pin-pin 
5) and an internal 
current 
source 
con- 


nected 
to the inverting 
input of the lockout 
comparator 
(the 
current 
source 
delivers 
approximately 
half 
the 
current 


through 
the timing 
resistor). 
The current 
source 
will charge 


the capacitor 
until its voltage 
is internally 
clamped 
at about 


3.0V. 
When 
the 
capacitor 
voltage 
reaches 
the 
reference 


voltage, 
the Lockout 
Comparator 
will change 
its output 
from 
a high to a low signal. This action 
will release 
the PWM flip- 
flop and the output 
driver, 
enabling 
them to resume 
normal 


operation 
(assuming 
the problem 
causing 
the current 
limit 


has been corrected. 
If not, normal 
operation 
will be halted 


again). 


The 
time 
the 
PWM 
flip-flop 
and 
the 
output 
driver 
remain 


shutdown 
is programmable, 
depending 
on the value 
of the 


Cso capacitor. 
Rearranging 
the shutdown 
time delay equa- 


tion, giving in the pin-by-pin 
description 
section, 
results 
in a 


calculation 
of the capacitor 
value: 


Cso = tso/(2. 
RT)· 


For example, 
for a desired 
shutdown 
delay time of approxi- 


mately 
100 
/-,S and 
a RT equal 
to 
6 kO 
gives 
a Cso 
of 


8200 
pF. The 
shutdown 
delay 
circuit 
is temperature 
com- 


pensated, 
so the 
delay 
time 
is stable 
over 
temperature. 


Also, after a total shutdown, 
the IC will repeat the Soft-Start 


cycle 
when the shutdown 
delay time has elapsed. 


If the shutdown 
delay feature 
is not desired, 
leaVing the pin 


open 
will disable 
the function 
(the pin voltage 
is internally 


clamped 
to 3V, thereby 
holding 
the lockout 
comparator 
out- 


put low). 
• 


Pulse-by- 
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Current 


Comp 


Second 
Level 
Current 
Comp 


OVERVOLTAGE/UNDERVOLTAGE 
SHUTDOWN 
SECTION 


The Overvoltage and Undervoltage Lockout circuits protect 
the LM3001 from deviations of the supply voltage. The 
Overvoltage Lockout (OVL) circuit monitors the supply volt- 
age via an external resistor divider (for more information, 
see the OVL section in the Application Hints section). The 
Overvoltage Lockout Threshold voltage is 3.30V (typically). 
When an overvoltage condition occurs, the OVL circuit 
shuts down the Output Driver (the rest of the IC stays on) 
until the fault causing it disappears. The Thermal Shutdown 
protection circuit uses the same circuitry to shut down the 
Output Driver and the entire regulator. 
The Undervoltage Lockout (UVL) circuit monitors the supply 
voltage from within the IC. At start-up, the UVL is turned on 
when the supply voltage reaches approximately 2.0V. The 
UVL circuits keeps the rest of the IC off until the supply 
voltage reaches approximately 11.8V. The start-up supply 
current during this period is about 190 ".A. Hysteresis (about 


3.2V) is added to the circuit so that the supply voltage must 
decrease to 8.6V (typical) before the UVL circuit shuts down 
the IC. When the UVL circuit is activated, the rest of the IC 
and the entire regulator are turned off, and the UVL and 
bandgap reference voltage circuits are the only two internal 
circuits left on. The UVL circuit will also discharge the Soft- 
Start capacitor, so Soft-Start will commence at the next 
start-up. 


SIGNAL 
GROUND 
AND POWER 
GROUND 
The LM3001 Primary-Side PWM Driver is designed with two 
separate grounds inside that meet in one locatio~ght 
at 


the pins. One ground is for small signals-hence, 
it is very 
clean (noise-free). The other ground is the power ground, 
used by the large signals of the Output Driver. The two 
grounds are internally connected at the pins; pin 9 is a pow- 
er ground and pin 11 is a signal ground. The grounds should 
be isolated from each other on the board (see the PCB 
Layout section in the Application Hints section). 
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Typical Application 
(Continued) 


POWER 
STAGE OPERATION 


The LM3001 
Primary-Side 
PWM Driver sends a pulse-width- 
modulated 
signal (via pin 8) to a power switch, which 
in turn, 
drives 
a power 
transformer. 


The 
power 
switch 
used 
in this 
case 
is an 
IRF840 
Power 
MOSFET. 
It is an 
N-Channel 
enhancement 
mode 
device 
that has a drain-to-source 
voltage 
(Voss) 
rating of 500V and 
a pulsed 
drain current 
(10M) rating of 32A. Even though 
the 
Power 
MOSFET 
has 
a 
high 
Voss, 
snubber 
circuits 
are 
needed 
to limit the drain voltage 
and damp 
out any ringing 
that may occur. 


The power transformer 
has a primary 
inductance 
of 87 ,..H. 
The primary-to-secondary 
turns ratio is 8.5 to 1 and the sec- 
ondary-to-tertiary 
turns 
ratio is 1 to 2.5. The tertiary 
winding 
delivers 
the LM3001 
supply 
voltage 
(pins 7 and 
12) to the 
primary-side 
driver. 


There 
is an internal 
Overvoltage 
Threshold 
circuit 
(pin 10) 
monitoring 
the input voltage 
via a resistor 
divider. 
The over- 
voltage 
trip point 
is 3.3V typically. 
With the resistor 
values 
shown, the maximum 
supply voltage 
is approximately 
17.5V. 


The output 
rectifier, 
an SR1606, 
delivers 
the secondary 
cur- 
rent to the output. 
The SR 1606 is specified 
for 16A forward 
current, 
60V 
reverse 
breakdown 
voltage, 
and 
comes 
in a 
T0220-AB 
package. 
Since 
the 
SR1606 
dissipates 
7W to 
8W at full 
load, 
it requires 
a heatsink. 
An 
RC snubber 
is 
placed 
in parallel 
to reduce 
the 
ringing 
voltage 
caused 
by 
the 
output 
rectifier 
turning 
off 
during 
the 
discontinuous 
mode of operation. 


Two Cornell 
Dubilier 
type 226 470 ,..F, 25V high frequency 
capacitors, 
with low ESRs of 0.250, 
are used as the output 
capacitors. 


OUTPUT VOLTAGE 
CONTROL 


The output 
voltage 
is controlled 
by the LM3101 
Secondary- 
Side PWM Controller. 
The LM3101 
uses its error amplifier 
to 
compare 
the scaled-down 
output 
voltage 
against 
the inter- 
nal precision 
1.24 V reference 
voltage. 
The 
error 
amplifier 
provides 
compensation 
for 
the 
regulator 
frequency 
re- 
sponse, 
by way of an RC feedback 
network. 


The resulting 
error voltage 
is converted 
into a pulse-width- 
modulated 
waveform 
at the system 
oscillator 
frequency 
of 
approximately 
500 kHz. This waveform 
is then differentiated 
(using an external 
high-pass 
RC filter) 
into a series 
of posi- 
tive 
and 
negative 
pulses 
representing 
the 
desired 
switch 
duty cycle. 


The 
pulses 
are transferred 
through 
a pulse 
transformer 
to 
the LM3001 
Primary-Side 
Driver. The driver takes 
the feed- 
back pulse signal and converts 
it into a PWM gate drive for 
the Power 
MOSFET. 


FAULT 
RECOVERY 
OPERATION 


A 0.150 
resistor 
sets 
the 
peak 
primary 
current 
limits 
to 
2.28A 
for the 
pulse-by-pulse 
limiting, 
and 
to 3.6A 
for the 
second-level 
limit. 
An 
RC network 
filters 
the 
current 
limit 
voltage 
to prevent 
the current 
limit (pin 6) from 
being acti- 
vated by the reverse 
recovery 
spike of the output 
rectifier. 


When the second 
level current 
limit is triggered, 
the LM3001 
shuts down and discharges 
the capacitor 
connected 
to pin 5 
(the Shutdown 
Delay 
capacitor). 
After 
the 
capacitor 
is re- 
charged 
to a voltage 
of approximately 
2.1V, the device 
will 
try to restart. 
If the overcurrent 
condition 
persists, 
the device 
will shut down 
again. 


The LM3101 
provides 
the fault protection 
in case of an out- 
put short circuit. 
During normal 
operation, 
the operating 
fre- 
quency 
of this circuit 
is determined 
by 25 kO resistor 
con- 
nected 
to pin 
1 of the 
LM3101. 
However, 
during 
a short 
circuit condition 
on the output, 
the frequency 
of the LM3101 
(and the entire circuit operating 
frequency) 
drops, 
yielding 
a 
very low duty cycle. This short-circuit 
frequency 
is set by the 
13 kO resistor 
connected 
to pin 5. 


The 
LM3101 
Mode 
Control 
and 
Current 
Mode 
Input 
pins 
(pins 2 and 6 respectively) 
are for current 
mode 
control 
op- 
eration. 
The MCR pin determines 
which 
control 
mode is be- 
ing used-the 
resistor 
tied to the supply voltage 
means volt- 
age mode control 
(the resistor 
tied to ground 
would 
indicate 
current 
mode control). 


START-UP 
OPERATION 


When 
power 
is initially applied 
to the regulator, 
the LM3001 
Primary-Side 
PWM 
Driver 
receives 
its 
supply 
current 
through 
a 75 kO resistor 
connected 
to the input voltage 
(see 
Figure 
9). 
Once the supply 
pin voltage 
reaches 
the thresh- 
old of 11.8V (typical), 
the 
LM3001 
turns 
on, sending 
pulse 
signals 
(with an amplitude 
of approximately 
10V) to the gate 
of the Power MOSFET. 
Because 
the output 
is driving 
Power 
MOSFETs, 
which 
need 
gate-to-source 
voltages 
greater 
than 1OV for hard turn-on 
(low Ros 
(ON)) the threshold 
volt- 
age of 11.8V was selected 
to insure 
sufficient 
output 
volt- 
age. 


At the beginning 
of the start-up 
process, 
the secondary 
side 
of the regulator 
is still unbiased-hence 
the 
LM3001 
does 
not receive 
a feedback 
signal from the secondary 
side (see 
the 
Start-Up 
Sequence 
in Figure 
11). 
Before 
the 
LM3101 
Secondary-Side 
PWM 
Controller 
is controlling 
the 
circuit, 


the 
initial 
operating 
frequency 
of the 
gate 
drive 
is deter- 
mined by the LM3001 
internal 
oscillator. 
The oscillator 
uses 
an external 
capacitor 
and resistor, 
on pins 14 and 1 respec- 
tively. The initial operating 
frequency 
in this case is approxi- 
mately 
500 kHz. During this time, the regulator 
is operating 
in a "free-running" 
state. 


Also during 
the beginning, 
the LM3001 
executes 
Soft-Start 
by 
using 
the 
Soft-Start 
capacitor 
on 
pin 
4. 
The 
voltage 
across 
this capacitor 
is compared 
to the oscillator 
ramp on 
pin 14 (see the LM3001 
block diagram). 
In the offline 
regula- 
tor, the Soft-Start 
time is 15 ,..S approximately. 


During this time, as the Soft-Start 
capacitor 
charges 
up, the 
duty cycle increases 
with each progressive 
cycle, 
until final- 
ly the duty cycle reaches 
its maximum 
value set by the Duty 
Cycle Limit circuit 
(ROL-pin 
2) and the Current 
Limit circuit 
(CUM-pin 
6). The 
Soft-Start 
phase 
ends 
when 
the 
duty 
cycle is limited 
by the ROL circuit. 
A resistor 
at this pin con·· 


nects 
to an internal 
current 
source 
which 
together 
will gen- 
erate a voltage 
that will be compared 
to the oscillator 
ramp 
voltage. 
This comparison 
will determine 
the maximum 
duty 
cycle 
during 
this phase 
of the start-up 
cycle. 
For the circuit 
in Figure 
9, the 
duty 
cycle 
is limited 
to 63% 
by the 
ROL 
circuit. 


The duty cycle 
will reach 
the 
ROL limit for several 
cycles, 


letting energy 
build up in the transformer-see 
the drain cur- 
rent waveform 
in Figure 
11. When the residual 
energy 
builds 
up enough, 
the duty cycle 
starts 
to decrease 
because 
it is 
now determined 
by the CUM 
circuit. 
A voltage 
of 0.38V 
or 
greater 
at this 
pin will toggle 
a pulse-by-pulse 
comparator 
on every cycle 
(see the LM3001 
block 
diagram). 
In the ap- 


Typical Application 
(Continued) 


plication 
circuit, 
a 0.1670. 
resistor 
will generate 
the current 


limit threshold 
voltage 
when 
a 2.28A 
(peak) 
current 
flows 


through 
it. With the CUM 
circuit 
in control 
of the duty cycle, 


the duty cycle 
will decrease 
with each sucessive 
cycle. The 
duty cycle 
will continue 
to shrink 
until the 
pulse 
feedback 


from the LM3101 
takes 
control. 


As the 
LM3001 
switches 
the 
Power 
MOSFET 
on and 
off, 


the Power 
Transformer 
starts 
delivering 
power 
to the sec- 


ondary 
side of the circuit. 
This action 
will cause 
the supply 


voltage 
of the LM3101 
and the output 
voltage 
to gradually 


rise. 
When 
the 
supply 
voltage 
reaches 
the 
Undervoltage 
Lockout 
Threshold 
(of 3.9V), the LM3101 
starts supplying 
a 


pulse train to the differentiator 
circuit on pin 8. The resulting 


PWM 
signals 
are fed 
back 
to the 
LM3001 
via 
the 
pulse 


transformer. 
The first pulse signal to the LM3001 
will cause 


it to disconnect 
its internal 
oscillator 
from its PWM and Out- 


put 
Driver 
circuits 
and 
trigger 
the 
Output 
Driver 
from 
the 


pulse feedback 
signals 
(of the LM3101). 
At this point, con- 


trol of the frequency 
and the duty cycle 
changes 
from 
the 


LM3001 
to the LM3101. 


The LM3101 
also exercises 
Soft-Start 
capability 
(pin 3). An 
RC network 
connected 
to this 
pin allows 
the 
LM3101 
to 


gradually 
increase 
the duty cycle to its nominal 
value 
(in the 


example, 
the secondary 
Soft-Start 
time delay 
is 500 !'-S ap- 


proximately). 


The method 
of Soft-Start 
used by the LM3101 
ensures 
that 


the 
error 
amplifier 
is in its linear 
region 
before 
the 
output 


voltage 
reaches 
its nominal 
value, 
thus 
yielding 
a smooth 


start-up 
of the output without 
any overshoot 
(see Figure 
12). 
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At the end of the start-up 
sequence. 
the circuit 
is in steady- 


state 
or normal 
PWM operation. 
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DESIGN 
PROCEDURE 


For the Offline 
Voltage 
Mode 
Flyback 
Regulator 
(Figure 9), 
the 
specifications 
for 
the 
power 
transformer, 
MOSFET 


switch, 
the switch 
snubber, 
and the output 
rectifier 
can be 


calculated 
based 
on the system 
specifications: 


System 
Specifications: 


Vo = 5 VDC 


VI Range 
= 90 VAC-132 
VAC 


10 Range = 0.5A-10A 


Efficiency 
(1'/) = 80% 


Fo = 500 KHz 


Transformer 
Specifications 


Manipulating 
the transfer 
function 
of a flyback 
regulator 
re- 


sults 
in a calculation 
for the turns 
ratio of the power 
trans- 
former, 
involving 
the minimum 
input voltage, 
the output 
volt- 
age, and the maximum 
duty cycle 
(D): 


Vo + VF = (VIN(MIN) - 
VSW(ON» • (Ns/Np). 


(D(MAX)/(1 
- 
D(MAX») 


.j.. 


Ns/Np 
= [(Va + VF)/(VIN(MIN) 
- 
VSW(ON»]· 


((1 - 
D(MAX»/D(MAX»' 


Assume 
that 
the diode 
forward 
voltage 
(VF) is about 
0.7V 


and 
the 
drain-to-source 
voltage 
when 
the 
switch 
is on 


(VSW(ON» is approximately 
0.9V. Selecting 
a 28% maximum 


duty cycle 
results 
in a turns 
ratio of: 


Ns/Np 
= (5.7V/126.1V) 
• (1 - 
0.28)/0.28 
= 0.12 


(NplNs 
= 8.5/1). 


Assuming 
an efficiency 
(1'/) of 80%, 
the average 
input cur- 


rent (at the maximnum 
load current 
andd for the entire 
peri- 


od) is: 


IIN = (Vo) (I0)/(VIN(MIN)· 
1'/) = (50W)/(127V· 
0.80) = 


0.49A. 


The average 
current 
when 
the switch 
is on is the average 


current 
over the entire 
period 
divided 
by the duty cycle: 


IIN(TON) = IIN/D = (0.49A)/(0.28) 
= 1.77A. 


Selecting 
the primary 
inductance 
ripple current 
(6.lp) to be a 


certain 
percentage 
of the IIN(TON), and combining 
that with 


the duty cycle, the input voltage, 
and the operating 
frequen- 


cy, gives the primary 
inductance 
by the equation: 


Lp = (VIN(MIN) - 
VSW(ON» • D(MAX)/(6.lp 
• Fo) 


Assuming 
the percentage 
to be 46% 
in the example, 
then: 


Lp = 126.1V. 
0.28/(0.81A. 
500 kHz) "" 871'-H. 


MOSFET 
Parameters 


The 
peak 
current 
through 
the 
primary 
inductance 
and the 
Power 
MOSFET 
is the average 
current 
when 
the switch 
is 


on plus one-half 
the primary 
inductance 
ripple current: 


IpRI(PK) = IIN(TON) + (6.lp/2) = 1.77A + (0.81A12) = 


2.18A 


Assuming 
ideal 
conditions, 
the 
maximum 
voltage 
at 
the 


drain of the Power 
MOSFET 
when 
the switch 
is off is: 


VSW (OFF) = (Vo + VF) (NplNs) 
+ VIN(MAX) = (5.7V) (8.5) 


+ 185V = 233V 
--+ 250V. 


However, 
leakage 
inductance 
exists 
in 
the 
transformer, 


causing 
a voltage 
spike 
immediately 
after 
the switch 
turns 
off. This voltage 
spike will add to the rest of the drain volt- 


ages, making 
VSW(OFF) even greater. 
With a leakage 
induc- 
tance 
that is 2% of the transformer 
primary 
inductance 
and 
selecting 
a switch 
which 
has a fall time of 2% the total off- 


time, the added 
voltage 
will be: 


VLL = 2%· 
Lp· 
IpRI(PK)· 
FO/[2%. 
(1 - 
D(MAX»]' 


The 
maximum 
duty 
cycle 
of 28% 
is used 
for worst 
case 


purposes. 
Thus, the leakage 
inductance 
voltage 
spike 
is: 


VLL = 0.02 • 87 I'-H • 2.18A • 500 kHz/ [0.02 • (1 - 
0.28)] 


= 130V 
--+ 
150V. 


This means 
the actual 
peak 
drain voltage 
is approximately 


400V. When choosing 
the Power 
MOSFET, 
add some 
mar- 


gin to this number. 
A 500V MOSFET 
was used in this appli- 
cation. 


Snubber 
Design 


A "snubber" 
circuit, 
consisting 
of a 1N4937 
fast 
recovery 
diode 
and 
a parallel 
RC network, 
is inserted 
around 
the 
transformer 
primary 
to clamp 
the voltage 
spike. 
This 
is to 
the 
reduce 
the 
switch 
voltage 
stress 
when 
it is off. 
The 
"snubber" 
components 
are calculated 
in the following 
man- 


ner: 


CSN ;;, 0.02 • Lp· 
Ip(PK)2/(VMAX2 
- 
VSN2) 


= 0.02.87 
I'-H. 
(2.18A)2/[(255V)2 
- 
(250V2) 
;:;;; 


3.3 nF 


and 


RSN ,;; [(VMAX + VSN - 
VIN)/2]2. 
[1 OO/Fo. 
Lp 


.lp(PK)2») 
= [(255V + 250V 
- 
185V)/2]2 


• [100/(500 
kHz. 
87 I'-H. 
(2.18A)2)] 
;:;;;12 kO. 


In the Offline 
Flyback 
Regulator 
application, 
a 0.01 
I'-F ca- 
pacitor 
and a 10 kO resistor 
are used as the snubber 
com- 


ponents. 
VMAX is the selected 
maximum 
voltage 
at the drain 
of the MOSFET. 
Usually the RC values 
are selected 
so that 
VMAX is 5V to 10V higher than VSN. The power 
dissipation 
of the resistor 
is: 


P = [(VMAX + VSN - 
VIN)/2J2/R 
= [(255V + 


250V 
- 
185V)/2]2/10 
kO = 2.56W. 


To add some 
margin, 
a 4W resistor 
is chosen. 


The fast recovery 
diode 
must have a reverse 
voltage 
rating 
greater 
than VMAX. The 1N4937 
has a 600V rating. 


Output 
Diode Parameters 


The peak secondary 
current 
can be calculated 
using 
peak 


primary current 
and the turns ratio (this equation 
is for single 


output 
flyback 
regulators): 


ISEC(PK) = IpRI(PK) • (Np/Ns) 
= 2.18 • 8.5 = 


18.43A 
--+ 20A. 


The maximum 
average 
current 
through 
the secondary 
and 
the diode, when 
the switch 
is off, is the maximum 
load and 
current 
divided 
by the inverse 
of the duty cycle: 


ISEC(OFF) = ILOAD/(1 
- 
D(MAX» = 10AlO.72 
= 13.90A 


;:;;;15A. 


LM3101 
SECONDARY 
CONTROLLER 


The maximum 
average 
secondary 
current 
for the entire peri- 
od is the maximum 
load current 
(10A). 


The maximum 
reverse-bias 
voltage 
on the output 
rectifier 
is: 


VAV = VIN(MAX)· 
(NslNp) 
+ Vo + VF = (185V) (1/8.5) 
+ 5.7V = 27.42V 
::::;30V. 


A suitable 
diode 
for this circuit 
is the SR1606, 
which 
has a 
reverse 
voltage 
rating of 60V and an average 
current 
rating 
of 16A. 


The 
most 
significant 
difference 
in the circuit 
design 
is the 
change 
in the mode of operation-from 
voltge 
mode to cur- 
rent mode. 
For current 
mode 
operation, 
the LM3101 
Mode 
Control 
pin (MC-pin 
2) is connected 
to ground 
by a 6 kfl 


resistor, 
and the Control 
Mode 
pin (CMI-pin 
6) is connect- 
ed to the 
current 
sense 
transformer 
through 
a half-wave 
rectifier 
circuit 
and a low-pass 
filter. The filter 
is needed 
to 
remove 
the 
leading 
edge 
spike 
on the 
current 
waveform, 


caused 
by the 
rectifier 
recovery 
and 
interwinding 
capaci- 


tance 
of the power 
transformer. 


Smaller 
component 
differences 
include 
reducing 
the current 
sensing 
resistor 
in the primary 
side ground 
path (to allow for 


the 
larger 
primary 
current), 
and 
removing 
a primary 
side 
snubber 
circuit 
(due to smaller 
peak voltages 
at the drain). 


Also, the output 
rectifier 
and Power 
MOSFET 
snubbers 
are 
modified. 


Application 
Hints 


TELECOM 
CONVERTER 


The schematic 
of a f1yback regulator, 
used in Telecom 
Ap- 
plications, 
is shown 
in Figure 
13. The circuit has many of the 
component 
values 
that are in the offline 
converter. 
Notable 
exceptions 
are the power transformer, 
in which the turns-ra- 
tio and primary 
inductance 
has changed 
(due to the change 
in the input voltage 
range), 
and the Power 
MOSFET, 
which 
has a lower 
on-resistance 
and a lower 
breakdown 
voltage 
rating. 


Application 
Hints 
(Continued) 


PULSE FEEDBACK 
SECTION 


During 
steady-state 
operation, 
the 
LM3101 
delivers 
pulse- 


width 
modulated 
signals 
to the feedback 
circuit. 
The feed- 


back 
circuit 
will 
convert 
that 
signal 
into 
a series 
of AC- 
coupled 
pulse signals and apply them to the LM3001 
via the 


pulse 
transformer 
(the first 
positive-edged 
pulse 
from 
the 


LM3101 
will 
cause 
the 
LM3001 
to disconnect 
its internal 


oscillator 
from 
its 
PWM 
and 
Output 
Driver 
circuits). 
The 


feedback 
pulses 
will 
trigger 
the 
LM3001 
Output 
Driver 
to 


apply 
PWM drive signals 
to the Power 
MOSFET 
gate. The 


timing 
diagram 
in Figure 
14 demonstrates 
the 
feedback 


communication. 


PULSE INTERFACE 
CIRCUIT 


The 
pulse 
interface 
circuit 
provides 
isolation 
for the feed- 


back circuit of the Offline 
Flyback 
Regulator. 
The differentia- 
tor circuit 
converts 
the 
PWM waveform 
into a pulse 
train. 


The differentiator 
delivers 
to the pulse transformer 
a train of 


1 VPK, 15 ns wide 
pulses. 
The core 
should 
have high per- 
meability 
(typically 
10,000) 
at the switching 
frequency 
to al- 


low 
the 
transfer 
of energy 
with 
a very 
small 
transformer 


(size). This one-to-one 
transformer 
transfers 
the pulse train 


to the LM3001 
via a 2000 
resistor, 
which 
is used mainly to 


filter 
noise from the system. 
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CURRENT 
LIMIT 


As previously 
mentioned, 
the primary 
current 
can be moni- 
tored 
by inserting 
a resistor 
between 
the source 
of the Pow- 


er MOSFET 
and ground 
(See General 
Circuit Operation 
sec- 


tion). 
This 
generates 
a voltage 
which 
is compared 
to the 


reference 
voltages 
of the pulse-by-pulse 
current 
limit com- 
parator 
(0.38Y) 
or the second 
level current 
limit comparator 


(0.6). As an example, 
using a 0.1 fi will allow a peak primary 


current 
of 3.8A to activate 
the pulse-by-pulse 
current 
limit. A 


peak primary 
current 
of 6A will activate 
the total 
shutdown 


current 
limit. Also 
mentioned 
before, 
after the second 
level 


current 
limit 
threshold 
has 
been 
reached, 
there 
will 
be a 


time 
delay 
before 
the 
circuit 
powers 
up again. 
This 
shut- 
down 
delay 
is controlled 
by the Shutdown 
Delay capacitor 


(the equation 
for this 
is in the Current 
Limit section 
of the 


Functional 
Description 
section). 
In the example, 
a shutdown 


delay capacitor 
of 1 /LF and a timing resistor 
of 8 kfi 
produc- 


es a time 
delay 
of 
10 ms before 
the 
regulator 
starts 
up 


again: 


TSO = 1.25· 
1 /LF· 
8 kfi = 10 ms 


The voltage 
generated 
across 
the current-sensing 
resistor 


needs 
to be filtered 
before 
it is applied 
to Current 
Limit cir- 


cuit input. The filtering 
is needed 
because 
of current 
spikes, 
caused 
by the transformer 
leakage 
inductance, 
during 
the 


turn-on 
of the Power 
MOSFET. 
The filter that is used in the 


regulator 
in the General 
Circuit 
Operation 
section 
is a RC 


low pass filter with a 0.62 /Ls time constant. 
This filter is fast 


enough 
to allow 
proper 
operation 
of this function, 
but will 


screen 
unwanted 
transient 
signals. 
Note that the lower 
the 


leakage 
inductance 
the transformer 
has, the faster 
the filter 


can be. 


Usually, 
it is the filter that determines 
the response 
time of 


the 
current 
limit 
activation. 
If the 
filter 
can 
be made 
fast 


enough 
(less 
than 
40 ns) due to low leakage 
inductance, 


then the response 
time of the current 
limit circuit comes 
into 


play. The Current 
Limit Delay Time is specified 
at 50 ns for 


100 
mV of 
"overdrive" 
(the 
term 
"overdrive" 
means 
the 


amount 
of 
voltage 
over 
the 
comparator's 
threshold 
volt- 
ages). 
However, 
the 
speed 
or response 
time 
in which 
the 


current 
limit circuit acts and shuts down the output 
depends 


on the amount 
of "overdrive" 
caused 
by an excessive 
pri- 


mary 
current. 
However, 
the 
amount 
of voltage 
driving 
the 


current 
limit 
input 
directly 
affects 
the 
speed 
or response 


time of the current 
limit circuit. The higher the overdrive, 
the 


faster 
the 
output 
is turned 
off. 
The 
graph 
below 
demon- 


strates 
the relationship 
between 
the overdrive 
voltage 
and 


the speed of the current 
limit circuit. An overdrive 
of approxi- 


mately 
30 mV produces 
a response 
time of 58 ns, whereas 
a 250 mV overdrive 
generates 
a response 
time of less than 
50 ns. 


OVERVOLTAGETHRESHOLD 


The supply 
voltage 
is monitored 
by the Overvoltage 
Shut- 


down 
circuit 
through 
a resistor 
divider. 
The current 
needed 
to bias the divider 
is delivered 
by the supply 
voltage. 
It is 
stated 
in the Overvoltage/Undervoltage 
Shutdown 
section 


that minimum 
bias current 
to insure 
proper 
operation 
is ap- 


proximately 
10 /LA. This minimum 
bias current 
sets the max- 


imum value 
of the resistor 
in the bottom 
leg of the divider. 


While 
there 
is not 
a maximum 
bias 
current 
limit 
as the 
LM3001 
is concerned, 
the bias current 
should 
be kept 
as 


small 
as possible 
in order 
that 
the 
supply 
current 
is kept 


small. 


BYPASS 
CAPACITORS 


Due to the high speed and currents 
of this IC, high frequen- 


cy noise can be generated 
very easily, causing 
erratic 
oper- 


ation 
of the 
regulator. 
Hence, 
bypass 
capacitors 
must 
be 


used to eliminate 
the high frequency 
noise from interrupting 


the operation 
of the circuit. 
Capacitor 
values 
of 0.1 /LF and 


10 /LF should 
be selected. 
The bypass capacitors 
should 
be 


placed 
as near as possible 
to the IC. 
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LM3001 WITH OPTO-COUPLER FEEDBACK 
The LM3001 Primary-Side PWM Driver can also receive 
opto-coupler feedback as shown in Figure 
17. A LM4041- 
ADJ Voltage Reference drives the opto-coupler's photodi- 
ode. The Error Amplifier of the LM4041 accepts a sample of 
the output voltage, from the resistor divider of R, and R2' 
and supplies a drive current to the opto-coupler. Resistor, 
Ro, limits the maximum photodiode current. The RC net- 
work (Ce and R, II R2) provides compensation to the circuit. 
The feedback signal from the opto-coupler is injected into 
the CUM pin (pin 6). The opto-coupler's phototransistor, in 
an emitter follower configuration, supplies a current that 
produces a DC offset voltage at pin 6. A resistor; Res, gen- 
erates a voltage proportional to the primary or switch cur- 
rent. These voltages are summed at pin 6. Referring to the 
LM3001 Block Diagram (on pg. 1), this summing voltage is 
compared to a 380 mV reference by the Pulse-by-PulseCur- 
rent Limit Comparator (see Figure 
18). The RF-CF network 
provides filtering of the leading edge spikes. 
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LM3001 
PCB LAYOUT 


Due to the high speed 
of the LM3001 
output 
driver, 
careful 
layout 
of the printed 
circuit 
board 
is essential. 
The ground 
plane 
should 
be divided 
into a power 
ground 
section 
(see 
Figure 
1[1), connected 
to the PGND pin (pin 9) and an ana- 
log signal ground 
region, connected 
to the GND pin (pin 11). 


The separate 
ground 
sections 
are connected 
internally. 
The 
power 
ground 
region 
should 
have connected 
to it all paths 


carrying 
the high di/ dt currents, 
such as the input return and 
the input capacitor 
negative 
lead. 


High frequency 
bypassing 
is also a necessity. 
A 0.1 ",F ce- 
ramic capacitor 
should 
be inserted 
between 
the output 
driv- 


er supply 
pin (Pvs 
- 
pin 7) and the PGND pin. The analog 
signal 
supply 
pin (pin 
12) should 
also 
be bypassed 
to Its 
GND pin (Vs - 
pin 11) with a 0.1 ",F ceramic 
capacitor. 
The 
bypass 
capacitors 
should 
be placed 
as near as possible 
to 
the IC. with the shortest 
possible 
lead length. 


Power 
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LM3101 Secondary-Side 
PWM Controller 


General Description 


The LM3101 
is a precision 
high-speed 
PWM controller. 
It is 


designed 
to 
provide 
secondary-side 
feedback 
for 
offline 


Switch-Mode 
Power Supplies 
(SMPS) using pulse communi- 


cation 
to the primary-side 
driver. 
The LM3101 
is applicable 


in all of the popular 
converter 
topologies 
such as f1yback or 


forward. 


The LM31 01 combined 
with its companion 
LM3001 
Primary- 
Side 
Driver 
forms 
a regulator 
chip-set 
that 
provides 
preci- 


sion control 
of offline 
or other 
isolated 
DC/DC 
converters. 
The communication 
is realized 
between 
the two chips 
by a 


small pulse transformer, 
with one or two turns on its primary 


and secondary. 
This type of communication 
does 
not intro- 


duce any poles 
or zeroes 
in the control 
loop and yields the 


fastest 
possible 
loop 
response 
for 
the 
isolated 
switching 


regulator. 


The secondary-side 
controller 
contains 
a precision 
1.242V 


reference, 
an error amplifier, 
and a trimmed 
oscillator 
which 


is programmed 
with a single resistor. 
The LM31 01 can real- 


ize voltage, 
current 
or charge 
mode 
control. 
Power 
supply 


monitor 
features 
include 
power-on 
reset with programmable 


delay and overvoltage 
protection. 


Features 
• 
± 2% precision 
voltage 
reference 


• 
Wide-bandwidth 
(8 MHz) error amplifier 


• 
External 
synchronization 


• 
Frequency 
shift during 
an output 
short 
circuit 


• 
Power-on 
reset flag with programmable 
delay 


• 
Overvoltage 
crowbar 
trigger 
circuit 


• 
Ramped 
reference 
Soft-Start 


• 
Operation 
beyond 
1 MHz 


• 
Voltage, 
current, 
or charge 
mode 
control 


Typical Applications 


• 
Isolated 
offline 
switching 
power 
supplies 


• 
Isolated 
DC/DC 
power 
converters 


• 
Flyback 
regulator 


• 
Forward 
converter 


11 
POR 


12 
CRD 


10 
CD 


Absolute Maximum Ratings 
(Note 1) 
Operating Ratings 


If Military/Aerospace 
specified devices are required, 
Supply Voltage 
4.5V';; 
Vs ,;; 15V 


please 
contact 
the 
National 
Semiconductor 
Sales 
Junction 
Temperature 
Range 
-40'C';; 
TJ';; 
+ 125'C 
Office/Distributors for availability and specifications. 


Supply Voltage 
(Vs) 
16V 


Junction 
Temperature 
Range 
-65'C';; 
TJ';; 
+150'C 


ESD 
1 kV 


Lead Temperature 
(Soldering. 
5 sec.) 
260'C 


Electrical Characteristics 
Specifications 
with standard 
typeface 
are for TJ = 
25'C. 
and those 
in bold type· 
face apply over full Operating 
Temperature 
Range. Pin 2. MC. is connected 
to Vs by a 5 kfi resistor-this 
selects 
voltage 
mode 
control 
operation. 
Unless 
otherwise 
specified. 
TA = 
25'C. 
Vs 
= 
5V. RFS = 
25 kfi 
(FO = 
500 kHz). 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Units 


REFERENCESECTION (Note 2) 


VREF 
Reference 
Voltage 
1.230 
1.242 
1.254 
V 
1.217 
1.266 


IJ.VREF/IJ.VS 
Line Regulation 
4.5V';; 
Vs ,;; 15V 
0.01 
0.03 
%/V 


IJ.VREF/IJ.T 
Temperature 
Stability 
-40'C 
,;; TJ ,;; + 125'C 
0.003 
%/'C 
(Note 3) 


ERROR AMPLIFIER SECTION 


AVOL 
Open Loop Voltage 
Gain 
75 
90 
dB 


Is 
Input Bias Current 
-1.0 
-0.5 
)J-A 
-2.0 


GBW 
Gain-Bandwidth 
Product 
FTEST = 
100 kHz 
4.5 
8 
MHz 


11M 
Phase Margin 
Av= 
1 
52 
Deg 


SR 
Slew Rate 
2.5 
6 
V/)J-s 


OSCILLATOR SECTION 


Fo 
Oscillator 
Frequency 
RT = 25 kfi 
450 
500 
550 
kHz 
(Note 4) 
425 
575 


RT = 
12.5kfi 
0.88 
1.0 
1.12 
MHz 
0.85 
1.15 


Fsc 
Oscillator 
Frequency 
in 
RT = 25 kfi 


Output Short Circuit 
(FO = 500 kHz). 
120 
187 
260 
kHz 


Rsc 
= 
13 kn (Note 5) 


RT = 
12.5 kfi 


(Fo = 
1 MHz). 
210 
335 
470 
kHz 


Rsc 
= 6.34 kfi 
(Note 5) 


1 


IJ.FO/IJ.T 
Temperature 
Stability 
(Note 3) 
0.1 
%/'C 


IJ.Fo/IJ.Vs 
Line Stability 
4.5V ,;; Vs ,;; 15V 
0.9 
%/V 


VSYNC 
Synch Signal Amplitude 
AC Coupled. 
Negative 
Edge 
1.5 
Vpp 
Trigger 
(Note 6) 
2 


1J.1COMP/lJ.t 
Compensation 
Current 
RT = 25 kfi 
155 
208 
260 
)J-Al)J-s 
Ramp Slope 
RMC = 5 kfi 
(Note 7) 
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Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Units 


PULSE WIDTH 
MODULATOR 
SECTION 


DMAX 
Maximum 
Duty Cycle 
Fo = 500 kHz 
88 
92 
% 
84 


Fo = 1 MHz 
84 
90 
% 
80 


DMIN 
Minimum 
Duty Cycle 
Fo = 500 kHz 
2.5 
6 
% 
(Note 8) 
8 


FO = 1 MHz 
4 
10 
% 
12 


tdCS 
Current 
Sense Time Delay 
75 
100 
ns 


OUTPUT 
SECTION 


tR 
Rise Time 
CL = 100 pF 
20 
ns 


tF 
Fall Time 
CL = 100pF 
30 
ns 


VOL 
Output Voltage 
IL = 4 mA Sinking 
1.3 
1.4 
V 
FO = 100 kHz 
1.6 


VOH 
Output Voltage 
IL = 4 mA Sourcing 
3.6 
3.8 
V 
Fo = 100 kHz 
3.4 


OVER-VOLTAGE 
CROWBAR 
TRIGGER 
SECTION 


%VTHC 
Relative 
Trigger 
Relative 
to Nominal 
Feedback 
18 
20 
22 


Threshold 
Pin Voltage 
(Note 10) 
16 
24 
% 


ICD 
Crowbar 
Driver 
RCD = 10n 
170 
240 
Output Current 
mA 


teD 
Crowbar 
Delay 
RCD = 10n, 
VCD = 1V 
400 
ns 


te 
Minimum 
Trigger 
Pulse Width 
(Note 11) 
400 
ns 


POWER-ON 
RESET 
FLAG SECTION 


%VTHP 
Relative 
POR Trigger 
Relative 
to Nominal 
-6 
-4.5 
-3 


Threshold 
Feedback 
Pin Voltage 
(Note 10) 
-6.5 
-2.5 
% 


VPOR 
POR Output Voltage 
VFB = 1.11V 
0.2 
0.5 
V 
IpOR = 1.6 mA 


VSM 
Minimum 
Supply Voltage 
VPOR S 0.5V 
1 
1.2 
V 
(Note 12) 
IpOR = 1.6 mA 


tDR 
Power-On 
Reset Delay 
CRD = 2 nF 
65 
120 
185 
50 
265 
IJ-s 


UNDER-VOLTAGE 
LOCKOUT 
SECTION 


Vuv 
Start-Up 
Threshold 
(Note 13) 
3.65 
3.92 
4.20 
V 


VUVH 
Threshold 
Hysteresis 
300 
mV 


SUPPLY 
SECTION 


Is 
Supply Current 
Vs = 5V 
11 
16 
20 
mA 


4.5V s Vs s 15V 
15 
24 
28 
mA 


ISFST 
Soft-Start 
Current 
(Note 14) 
VSFST = OV 
14.5 
19.5 
20.5 
IJ-A 


Note 
1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 
intended to be functional, 
but do not guarantee 
specific performance 
limits. For guaranteed 
specifications 
and test conditions, 
see the Electrical Characteristics. 


Note 2: The reference 
voltage is measured at the error amplifier's 
output with the error amplifier connected 
as a non-inverting 
amplifier with a gain of one. 


Note 3: The temperature 
coefficients 
of VREF or Fa are defined as the worst·case 
1:1VREF or I:1Fa measured at Specified Temperatures 
divided by the total span of 
the Specified Temperture 
Range (see graphs). There is no guarantee that the Specified Temperatures 
are exactly at the minimum of maximum deviation. 


Note 4: The frequency 
of the internal oscillator 
is set by connecting 
a resistor, AT, from pin 1 to ground. See detailed description 
of this feature in the Pin-by· Pin 
Description 
section or the Functional 
Description 
of this datasheet. 


Note 
5: A resistor, 
RSC' is connected 
from pin 5 to the regulator's 
output. See detailed description 
of this feature in the Pin-by-Pin Description 
section 
or the 
Functional 
Description 
section of this datasheet. 


Note 6: For this test, the frequency 
of synchronization, 
FSYNC, is 600 kHz, CSYNC is 220 pF, and RSYNC is 1 kfi. The internal oscillator 
wilt synchronize 
to an AC 
signal that is 1.1 to 1.5 times the free running oscillator 
frequency, 
Fa. See Functional 
Description 
section or Pin-by-Pin Description 
section for more detail on 
synchronization. 


Note 7: ICOMPis sourced from pin 6 (eM I). See Functional 
Description 
section or Pin-by-Pin Description 
section for more detail on current mode operation. 


Note 8: Minimum duty cycle is the smallest duty cycle that can be produced by the LM3101 in a given oscillator 
period. The controller 
can operate with effectively 
zero duty cycle--it 
skips cycles if the regulation cannot be maintained with the minimum duty cycle. This means that the output voltage of the switching converter 
is 
regulated down to no load. 


Note 9: The current sense time delay is the time span between an input applied to the CMI pin (pin 6) and the change of state of VOUT (pin 8) due to the input. 


Note 
10: Both these specifications, 
%VTHC and %VTHP, are relative to the nominal feedback 
voltage, VFB, by the factor: [(VTH-VFB)/VFB]. 


Note 
11: An internal delay circuit prevents triggering of the overvoltage 
crowbar circuit, for pulse widths less than 400 ns, to ensure noise immunity. 


Note 
12: This is the minimum supply voltage for which the power-on reset flag will continue to be valid (low). 


Note 
13: For Vs < Vuv, the output is off--it 
is in a high-impedance 
state. 


Note 14: A resistor/capacitor 
circuit is normally connected 
from the soft start circuit, pin 3, to ground. The circuit provides a slow or "soft" 
start of the IC by slowly 
ramping the reference 
voltage from a lower initial value set by the resistor to its normal operating value. See detailed description 
of this feature in the Pin-by-Pin 
Description 
section or the Functional 
Description 
section of this datasheet. 
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Typical Performance 
Characteristics 


For Fa = 500 kHz, RT = 25 k!1 
For Fa = 1 MHz, RT = 12.5 k!1 


Supply Current 
Supply Current 
vs Supply 
Voltage 
Oscillator 
Frequency 


15 
22 
1100 


Vs 
= 
SV 
1050 
" 
~ 
20 


< 
V 
Fa 
= 
1 t.lHz 
< 
I 
I 
~ 


1000 


~ 
13 
V 
~ 
/' 
950 
~ 
18- 


'0 
= ''::'---::: 
/" 
~ 
z 
z 
'" 
~ 
12/ 
~ 
L,....- I--" 
~ 
1. 
u 
~ 
/" /" 
z 
u 
11 
V 
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"'" 
Fa = 500 kHz 
~ 
550 
~ 
/' 
Fa = 500 
kHz 
~ 
~ 
~ 
10 
~ " 
/' 
~ 
~ 
/ 
~ 
12 
500 
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8 
10 
450 


-50 
-25 
0 
25 
50 
75 
100 
125 
4 
• 
8 
10 
12 
14 
16 
-50 
-25 
a 
25 
50 
75 
100 
125 


JUNCTION 
TEt.lPERATURE 
(Oe) 
SUPPl Y VOlYAGE (v) 
JUNCTION 
TEMPERATURE 
(Oe) 


Oscillator 
Frequency 
Short Circuit 
vs Supply Voltage 
Oscillator 
Frequency 
Reference 
Voltage 


1020 
V- 
400 
1.250 


1010 
Rsc = 6.3-4 
kJ'l -- 
..- 
350 
F0 = 
1 MHz 
...--- 
1000 , 
~ 
1.2-45 
~ 
990 
~ 300 
.A-"' 


'" 
'" 
~ 
~ 
~ 
I-... 


u 
u 
250 
§; 
1.240 / 
z 


Rsc = 
13 kn 
" 


~ 
520 
~ 
u 
0 
t..- 
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'0 
500 kHz 
z 


200 - 


1.235 


500 
150 
~ 
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100 
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SUPPLY VOLTAGE (v) 
JUNCTION 
TEMPERATURE 
(Oe) 
JUNCTION 
TEtolPERATUR[ 
(Oe) 


Minimum 
Over-Voltage 
Power 
On Reset Delay 
Trigger 
Pulse Width 
Undervoltage 
Lockout 


200 
550 
U 


180 
500 
4.2 


...•.••........• 


-3 
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JUNCTION 
TEhlPERATURE 
(Oe) 
JUNCTION 
TEMPERATURE 
(Oe) 
JUNCTION 
TEt.lPERATURE 
(oe) 


Current 
Mode Input 
Compensation 
Current 


Soft-Start 
Current 
Limit Voltage 
Ramp 
Slope 


19.0 
1.3 
230 


RT = 
25 
kJ'l 


< 
18.5 
> 
220 
"C,:, ~ 
.3 
V 


......••• 
- 
~ 
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--,OoC .- 
z 
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1 
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-- 


:t 
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~ 
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'i 
--r 
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.3 
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< 
17.5 / 


:0 
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/ 
~ 
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~ 
~ 
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TJ=l~ 
~ 
- 
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0 
17.0 
~~ 
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JUNCTION 
TEt.lPERATURE 
(Oe) 
SUPPLY 
VOLT AGE 
(V) 
JUNCTION 
TEIilPERATURE 
(OC) 


TLIH/11436-3 


Error Amplifier 
Step Response 


i~ 


0.5 


~~ 
-0.5 


400 


~l 
200 


~w~'" 
0 •• 
~~ 


-200 


-400 


TIlliE 
BASE 
(1 
,us/DiY) 


Error Amplifier 
Open Loop 
Frequency 
Response 


100 
225 


80 
180 


60 
135 


40 
90 
0 
~ 
z 
20 
45 ~ 
~ 
..z 


-20 
-45 


-40 
-90 


Pin II 
Symbol 
Function 
Description 


1 
RT 
Frequency 
Setting 
Connecting 
a resistor, 
RT' between 
this pin and ground 
programs 
the frequency- 


Resistor 
from 50 kHz to 1 MHz-by 
the following 
equation: 


RT = 0.25/(Fo. 
20 • 10-12) 
[F, HZ,nJ. 


RT also sets the internal 
bias current, 
which affects 
the operation 
of several 
sub- 


circuits 
within the IC. 


2 
MC 
Mode Control 
For voltage 
mode operation, 
connect 
a resistor, 
RMC, from this pin to the supply 


voltage. 
For current 
mode operation, 
this pin is tied to ground 
via resistor 
RMC' A 


current 
is sourced 
from the pin through 
the resistor 
such that it sets the slope of the 


compensating 
ramp, ICOMP, according 
to the equation: 


AICOMplLl.T = 24· 
103/(RT· 
RMcl 
[JLA/JLS, 
nJ. 


3 
SFST 
Soft-Start 
Control 
A series resistor-capacitor 
network 
tied from this pin to ground 
provides 
Soft-Start 


capability. 
The current 
charging 
the capacitor 
is: 


ISFST = 0.45/RT· 
[A,V,nJ. 


Leave this pin open if it is not used. 


4 
SYNC 
Synchronization 
An external 
negative 
pulse fed to this input will synchronize 
the internal 
oscillator. 


Signal Input 
The frequency 
range of the external 
signal should 
be between 
1.1 to 1.5 times the 


free-running 
frequency. 
Connect 
this pin to ground 
if it is not used. 


5 
Rsc 
Short Circuit Frequency 
A resistor, 
Rsc, connected 
from this pin to the regulator 
output, determines 
the 


Shift Control 
oscillator 
frequency 
during a short circuit by the formula: 


Rsc = 0.09/[(0.267/RT) 
- Fsc. 
20 .-12] 
[F, Hz, nJ. 


or, alternately, 


Fsc = (1/20· 
10-12). 
[(0.267/RT) 
- (0.09/RsclJ 
[F, Hz, nJ. 


The recommended 
minimum 
ratio of short circuit frequency 
to oscillator 
frequency 
is 


one-third 
(nominal). 


6 
CMI 
Current 
Mode Input 
An analog voltage 
signal, proportional 
to the transformer 
primary current, 
fed to this 


input results 
in current 
mode operation. 
Connect 
this pin directly 
to ground 
if 


selecting 
voltage 
mode operation. 


7 
GND 
Ground 
Ground. 


8 
VOUT 
Output 
Output pin. It produces 
a PWM pulse train that is fed back to the primary side of the 


regulator, 
via a pulse transformer. 


9 
Vs 
Supply Voltage 
Supply voltage. 


10 
CD 
Crowbar 
Output 
This pin delivers 
a current 
when an overvoltage 
condition 
occurs 
on the output. 
It can 


Driver 
be used to fire an external 
SCR to crowbar 
the output. 
Leave the pin open if not 


used. 


Ell 


Pin # 
Symbol 
Function 
Description 


11 
paR 
Power·On 
This open·collector 
output is driven low when either the supply voltage 
falls below the 


Reset Flag 
Undervoltage 
Lockout 
Threshold 
Voltage 
or the output voltage 
is less than the Power· 


on Reset Threshold 
Voltage. 
Leave the pin open if not used. 


12 
CRD 
Reset Delay Capacitor 
Adding 
a capacitor 
between 
this pin and ground 
sets the power·on 
reset flag delay 


time according 
to the following 
formula: 


CRO = TOR/60 
-103 
[F,s,OJ. 


Leave the pin open if not used. The paR 
flag will still operate 
if this function 
is not 


used. 


13 
FB 
Feedback 
Input 
A sample 
of the output voltage, 
via a resistor 
divider, 
is fed back into this pin, which is 


the inverting 
input of the error amplifier. 


14 
EAO 
Error Amplifier 
Output 
Error Amplifier 
Output. 
The output can source 
1.5 mA typically 
and sink 300 ,...A 


typically. 
This pin is primarily 
used for loop compensation. 


Note: 
Pins 1, 2, 4, 5, and 10 are internally 
clamped 
by a 5.6V zener diode. 
Do not force 
a voltage 
larger than 5V on these 
pins 


without 
a resistor 
to limit the current 
to below 
1 mA. All other 
pins are limited 
to the supply voltage. 


Test Circuit 
EA 


SW2 
OUT 


TO 
14 
~~1 
Vs 
RT 
EAO 


Sk 
12.5k 
12.Sk 


1 VMODE 
SWI 
13 
lk 
SW7.... 
1 


2 
CMOOE-.r:· 


MC 
FB 
••••• 
2 
OPEN 


12k 
3.6V 
300k 
12 
ZENER 


SFST 
c..o 


LM3101 
10k 
11 
SYNC 
POR 


10 
lk 


Rsc 
CO 


HI 


CMI 
Vs 
Vs 


GND 
VOUT 
IQ 


OUT 
LM3101 
specmcations 
are measured 
using automated 


test equipment. 
This circuit is provided for the custom- 


er's convenience when checking parameters. Due to 
possible 
variations 
in testing 
conditions, 
the measured 


values from these 
testing procedures 
may not match 


those of the factory. 


This test circuit 
is for exercising 
the LM3101 
functions 
and 


measuring 
its 
specifications. 
With 
the 
switch 
positions 


shown, 
the supply 
current 
should 
measure 
15 mA (typical) 


for a supply voltage 
of 15V. Changing 
the supply voltage 
to 


5V and 
opening 
SW6 
on the 
VOUT pin should 
make 
the 


supply current 
11 mA (typical). 
Changing 
SW7 to the supply 


voltage 
will shutdown 
the LM3101 
output. 


To test the oscillator 
section, 
adjust the 5 kO potentiometer 


at the RT pin such that the oscillator 
frequency 
is approxi· 


mately 
500 kHz. Switch 
SW2 to obtain 
a 1 MHz frequency 


(typical). 
The maximum 
duty cycle of 92% typically 
can also 
be measured. 
Closing 
SW3 on pin Rsc and putting SW7 (pin 


FB) in the open position 
will change 
the oscillator 
frequency 


to approximately 
180 kHz. 


Switching 
the 
MC pin, SW1, 
to ground 
and opening 
SW4, 


the CMI pin, will put the device 
in current 
mode 
control. 
To 
measure 
the 
current 
sense 
time 
delay 
(typically 
75 
ns), 


close 
SW5 (connected 
to the CMI pin) and open 
SW6. 


Functional Description 


Oscillator ISynchronization 
Section 
The operating frequency is set by a single resistor connect- 
ed from the RT pin (pin 1) to ground, according to the equa- 
tion: 


Fa = 0.25/(RT· 
20 pF) 
[kHz, 0]. 


Inserting a 25 kO for RT sets the oscillator frequency at 
500 kHz. 
The oscillator is capable of synchronizing to an external 
source. To synchronize the oscillator, an external source is 
connected to the SYNC pin (pin 4) via a differentiator (see 
Figure 
1). The external source delivers a pulse train to the 


differentiator, which converts this signal into an AC-coupled 
signal. The negative-edge of this signal, applied to the 
SYNC pin, will control the oscillator, and thus set the operat- 
ing frequency. The recommended values for RSYNCand 
CSYNCare as follows: 


RSYNC= 1 kO (typical) 
and 


CSYNC. RSYNC> 1/(8· 
FSYNcl [F, 0, kHz]. 


To synchronize to a 600 kHz external source, and using a 
RSYNCof 1 kO, the CSYNCmust be: 


CSYNC> 1/ (8 • RSYNC• FSYNC)= 1/ (8 • 1 kO • 600 kHz) 
= 208 pF ::::220 pF. 


The oscillator frequency should range from 67% to 90% of 
the synchronization frequency. In the above example, the 
oscillator frequency can be between 400 kHz and 540 kHz. 
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FIGURE 
1. Simplified 
Version 
of the 
Synchronization 
Circuit 


~ lose 
N 


FIGURE 
2. Simplified 
Version 
of the Short 
Circuit 
Frequency 
Shift Circuit 
• 


Functional Description 
(Continued) 


Frequency-Shift 
Circuit 


The LM3101 
has the ability to gradually 
reduce 
its operating 


frequency 
during 
an output 
short 
circuit. 
The 
amount 
that 


the frequency 
shifts and the output 
voltage 
threshold 
deter- 


mining 
where 
the 
frequency 
starts 
to 
shift 
are 
both 
pro- 


grammed 
by two 
external 
resistors, 
RSC1 and 
RSC2' con- 
nected 
to the pin Rsc 
(pin 5). 


A simplified 
internal 
schematic 
of the Frequency 
Shift Circuit 


is shown 
in Figure 2. The oscillator 
operates 
at its nominal 


frequency 
as long as the voltage 
at the emitter 
of the tran- 


sistor 02 is higher than the internal 
reference 
voltage, 
VREF. 
02 emitter 
voltage 
is the output voltage, 
VOUT, scaled down 


by the resistor 
divider: 


VRSC = V02E = VOUT· 
RSC2/(RSC1 + RSC2) 
[V, D.) 


where 
V02 > VREF (1.24V) 
for normal 
operation. 


If VOUT drops, 
due to an overload, 
a current 
starts 
to flow 


through 
02. 
A cascoded 
current 
mirror causes 
one-tenth 
of 


this 
current 
to 
be 
subtracted 
from 
the 
timing 
capacitor 


charge 
current. 
Reducing 
the timing 
capacitor 
charge 
cur- 


rent 
results 
in 
decreasing 
the 
oscillator 
frequency. 
The 


breakpoint 
where 
the frequency-shift 
starts 
is programmed 


by the ratio of the two resistors: 


VOUT(Sq 
= 1.24V· 
[1 + (RSC1/RSC2») 
[V,D.). 


The 
typical 
short 
circuit 
frequency 
is set 
by the 
following 


equations: 


Fsc = [Iosc 
- 
0.1 • (((1.24V 
- 
VOUT(Sq)/RSC1) 
+ 
(1.24V/RSC2»)) 
[1/(20 
pF. 
1.24V») 
[kHz, IJoA, V, D.) 


where 
losc 
= 0.25 • (1.24V /RT)' 


For example, 
say 
140 
kD. and 
100 
kD. were 
selected 
for 


RSC1 and 
RSC2' respectively, 
with 
RT set to 25 kD.. Then 


the output 
voltage 
level where the frequency 
starts to decay 


is: 


VOUT(CL) = 1.24V· 
[1 + (140 kD./100 
kD.») '" 
3.0V, 


and the short circuit 
frequency 
is (IOSC = 12.4 IJoA and as- 
suming 
VOUT is OV during 
a short 
circuit): 


Fsc = 
[12.4 
IJoA - 
0.1 • 
(1.24V/140 
kD.) + (1.24V/100 


kD.»)) [1/(20 
pF. 
1.24V») = 414.3 
kHz'" 
415 kHz. 


If RSC2 is omitted, 
the frequency 
starts 
to shift when 
VOUT 
drops 
below 
VREF. The 
short 
circuit 
frequency 
equation 
then 
becomes: 


Fsc = (1/20 
pF) • [(0.267/RT) 
- 
(0.09/RSC1)) 
[kHz, D.) 


.J.. 


RSC1 = 0.09/[(0.267/RT) 
- 
(Fsc 
• 20 pF)) 
[D., kHz). 


Selecting 
a short-circuit 
frequency 
that is greater 
than one- 
third the operating 
frequency 
or 188 kHz leads to a resistor 


value of: 


RSC1 = 0.09/[(0.267/25kD.) 
- 
(188 kHz. 
20 pF») = 13kD.. 


Mode Control 


The LM3101 
can operate 
in voltage 
mode, current 
mode, or 


charge 
mode control. 
Two multi-function 
pins are involved 
in 
setting 
the operating 
mode, the Mode Control 
pin (MC - pin 


2) and the Current 
Mode 
Input 
pin (CMI - pin 6). Figure 
3 
shows the simplified 
schematic 
diagram 
of the mode control 
circuit. 
To operate 
with voltage 
mode control, 
the MC pin is 


pUlled high with a resistor 
(typically 
3 kD.), and the CMI pin is 


connected 
to ground. 
The mode comparator 
senses 
the MC 


pin voltage 
and sets the mode control 
multiplexer 
to voltage 


mode control. 
Notice that there is a 5.6V zener diode clamp- 
ing the MC pin voltage. 


FIGURE 
3. Simplified 
Version 


of the Mode Control 
Circuit 


LM3101 


SECONDARY 
CONTROLLER 


Functional Description 
(Continued) 


To operate 
under 
current 
mode 
or charge 
mode 
control, 
insert a resistor, 
RMC, between 
the MC pin and ground, 
and 
connect 
the CMI pin to the Current 
Mode Sense Circuit (see 
Figure 4). At the MC pin, a voltage, 
proportional 
to the oscil- 
lator 
ramp 
voltage, 
develops 
(see 
Figure 
3). The 
voltage 
ramp 
applied 
to RMC generates 
a current 
ramp, 
which 
is 
duplicated 
on the 
CMI 
pin due 
to the 
current 
mirror. 
The 
current 
ramp, which 
flows, 
out of the CMI pin to the resistor, 
RF' is the compensation 
ramp, 
needed 
to stabilize 
convert- 
ers operating 
at duty cycles 
above 
50%. 
The slope 
of the 
compensating 
ramp can be scaled 
by RF' which 
is connect- 
ed between 
the CMI pin and the terminating 
resistor, 
Rs, of 
the current 
sense 
transformer. 
In all practical 
cases, 
RF will 
be much greater 
than 
Rs. For both control 
modes, 
the cur- 
rent 
ramp 
provides 
slope 
compensation 
according 
to the 
equation: 


tolcOMP/ tot = 24 • 103/(RT 
• RMC) 
[!-,A/!-,s, OJ. 


So, with RT equal 25 kO and RMC equal 6 kO, the compen- 
sation 
ramp slope 
is: 


tolcOMP/ tot = 24.103/(25 
kO. 
6 kO) = 160 !-,A/!-,s. 


The resistor 
RF together 
with the capacitor 
CF serves 
as an 
RC filter 
for the 
leading 
edge 
spike 
of the 
current 
sense 
waveform 
(the spike is caused 
by the output rectifier 
reverse 
recovery 
and/or 
the 
winding 
capacitance 
of 
the 
power 
transformer). 


CHARGE 
MODE CONTROL 


Under 
charge 
mode 
control, 
the current 
sense 
transformer 
drives 
a capacitor, 
C1, that 
integrates 
the 
sensed 
switch 
current 
on a cycle-by-cycle 
basis. 
Figure 5 shows 
the inte- 
grating 
current 
sense 
circuitry 
and the simplified 
details 
of 
the associated 
internal 
circuitry 
of the 
LM3101. 
Transistor 
01 
discharges 
the 
integrating 
capacitor 
C1 
once 
every 
switch 
cycle-during 
the switch 
off-time 
(01 can provide 
up 
to 20 mA of discharge 
current). 
Charge 
mode control 
yields 
the fastest 
average 
current 
control 
loop. 
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FIGURE 
5. Charge 
Mode Operation 
• 


Functional Description 
(Continued) 


Soft-Start 
Section 


Soft-Start 
is accomplished 
by gradually 
increasing 
the refer- 
ence voltage 
during start-up. 
The gradual 
increase 
is imple- 


mented 
by charging 
the Soft-Start 
capacitor, 
CSFST, on pin 


3 (the SFST 
pin). The charging 
current 
is set according 
to 


the following 
equation: 


ISFST = 0.45/RT 
[A, .Ill. 
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FIGURE 
6. Soft-Start 
Block Diagram 


Typically, 
ISFST starts 
to flow 
when 
the 
supply 
voltage 
is 


raised above 
3V. 


As shown 
in Figure 
6, at the beginning 
of start-up, 
CSFST is 


not charged 
up, and the SFST pin pulls down the reference 


voltage 
from 
its nominal 
value to: 


VSFSTO = ISFST· 
R1 
[V, A,.Ill. 


VSFSTO is designed 
to be 85% 
of the 
nominal 
reference 


voltage. 
The reference 
voltage 
rises smoothly 
from VSFSTO 


to 
its nominal 
value 
as CSFST charges 
up. When 
CSFST 


charges 
up completely, 
the reference 
voltage 
is at its nomi- 
nal value, 
start-up 
is over 
and 
steady-state 
operation 
be- 


gins. 


The discharge 
time of CSFST is set by the RC network 
as: 


tDS = 5 • CSFST • R2· 


This is the time delay required 
to prepare 
the Soft-Start 
cy- 
cle 
after 
the 
LM3101 
and 
the 
entire 
regulator 
has 
been 
turned 
off. R2 must be large enough 
so that the final value 


of VSFST is greater 
than the reference 
voltage: 


VSFST = ISFST· 
(R1 + R2) ~ 1.24V 
[V, A, .Ill. 


Power Supply Monitor Functions 


The 
LM3101 
provides 
two 
monitor 
functions, 
a power-on 
reset 
flag with 
programmable 
delay, 
and 
a crowbar 
driver 


output 
for overvoltage 
conditions. 


POWER-ON 
RESET 


The power-on 
reset 
(paR) 
flag monitors 
the output 
voltage 


via the feedback 
pin (FB - pin 13). The paR 
flag will go low 


after the output 
voltage 
reaches 
95 % of its nominal 
value, 


and 
the 
subsequent 
programmed 
delay 
has 
passed. 
The 


paR 
flag pin (pin 11) is an open-collector 
pin which 
needs 


an external 
resistor 
to pull it up. This pin is valid with supply 


voltages 
as low as 1V while 
sinking 
1.6 mA. 


To program 
the reset delay, 
connect 
an external 
capacitor 


to the CAD pin (pin 12). The practical 
range of delay is from 


10 J.l.sto 5 ms, and follows 
the equation: 


TAD = CAD 0 60 0103 
[s, Fl. 


For a power-on 
reset 
delay 
of 120 J.l.s,the reset 
delay 
ca- 
pacitor 
must be 0.002 
J.l.F. 


CROWBAR 
DRIVER 
OUTPUT 


The 
second 
monitor 
function 
is a crowbar 
driver 
output 


(CD-pin 
10). If the output 
voltage 
gets higher than 120% 
of 


its nominal 
value, the CD pin can supply 
more than 200 mA 


to an external 
SCR trigger 
input. The SCR will fire, shorting 
the regulator 
output 
and saving 
the 
load circuitry 
from 
ex- 
cessive 
supply 
voltage. 


V,N 
+127-185 
v 
+ 


DC lOOI'';i; 


2000 pf 
+ 


1Dl'f;r, 
10k 


19.1k 


4W 


8.25k 
82.5k 


CAUTION: 
HIGH 
VOLTAGE 
Handle 
with 
Extreme 
Care 


This 
500 
kHz Offline 
Converter 
delivers 
SOW (5V 
@ 
10A) 


from an input supply 
ranging 
from 90 VAC to 132 VAC (127 


VDC to 185 VDC). The regulator 
achieves 
a line regulation 


of 0.06% 
and a load regulation 
of 0.05%. 
A 0.5 JJ.Hinductor 


and 
100 JJ.F capacitor 
form 
an 
LC filter 
that 
reduces 
the 


output 
ripple 
voltage 
to 50 mV. As shown 
in Figure 
8, the 


regulator 
can 
respond 
to a "step" 
change 
in load current 


from 
1A to 10A in about 
12 JJ.s.The efficiency 
of the con- 


verter 
is approximately 
80% 
at full load. 


1\ 
\ 
I 
\ 


I 


-500 
mV 


lOA 


5A 


o 


A: Output 
Voltage, 
500 mV/div., 
AC Coupled 
B: Load Current, 
5A/div. 


Horizontal 
Time Base: 20 JJ.s/div. 
• 


Typical Applications 
(Continued) 


POWER 
STAGE 
OPERATION 


The LM3001 
Primary-Side 
PWM Driver sends a pulse-width- 
modulated 
signal (via pin 8) to a power switch, 
which 
in turn, 
drives 
a power transformer. 


The 
power 
switch 
used 
in this 
case 
is an IRF840 
Power 
MOSFET. 
It is an 
N-channel 
enhancement 
mode 
device 


that has a drain-to-source 
voltage 
(Voss) 
rating of SOOVand 
a pulsed 
drain current 
(10M) rating of 32A. Even though 
the 
Power 
MOFSET 
has 
a 
high 
Voss, 
snubber 
circuits 
are 
needed 
to limit the drain voltage. 


The power 
transformer 
has a primary 
inductance 
of 87 I-'H. 


The primary-to-secondary 
turns ratio is 8.S to 1 and the sec- 
ondary-to-tertiary 
turns ratio is 1 to 2.S. The tertiary 
winding 


delivers 
the 
LM3001 
supply 
voltage 
(pins 7 and 
12) to the 
primary-side 
driver. 


There 
is an internal 
Overvoltage 
Threshold 
circuit 
(pin 10) 
monitoring 
the input voltage 
via a resistor 
divider. 
The over- 


voltage 
trip point 
is 3.3V typically. 
With the resistor 
values 
shown, 
the maximum 
supply voltage 
is approximately 
17.SV. 


The output 
rectifier, 
an SR1606, 
delivers 
the secondary 
cur- 


rent to the output. 
The SR1606 
is specified 
for 16A forward 
current, 
60V 
reverse 
breakdown 
voltage, 
and 
comes 
to a 
T0220-AB 
package. 
Since 
the 
SR1606 
dissipates 
7W to 
8W 
at full 
load, 
it requires 
a heatsink. 
An 
RC snubber 
is 
placed 
in parallel 
to reduce 
the 
ringing 
voltage 
caused 
by 


the output 
rectifier 
turning 
off during the discontinous 
mode 
of operation. 


Two Cornell 
Dubilier 
type 226 470 I-'F, 2SV high frequency 


capacitors, 
with low ESRs of 0.2S0, 
are used as the output 


capacitors. 


OUTPUT VOLTAGE 
CONTROL 


The output 
voltage 
is controlled 
by the LM31 01 Secondary- 
Side PWM Controller. 
The LM31 01 uses its error amplifier 
to 


compare 
the scaled-down 
output 
voltage 
against 
the inter- 
nal precision 
1.24V 
reference 
voltage. 
The 
error 
amplifier 
provides 
compensation 
for 
the 
regulator 
frequency 
re- 
sponse, 
by way of an RC feedback 
network. 


The resulting 
error voltage 
is converted 
into a pulse-width- 


modulated 
waveform 
at the system 
oscillator 
frequency 
of 
approximately 
SOOkHz. This waveform 
is then differentiated 


(using an external 
high-pass 
RC filter) 
into a series 
of posi- 


tive 
and 
negative 
pulses 
representing 
the 
desired 
switch 
duty cycle. 


The 
pulses 
are transferred 
through 
a pulse 
transformer 
to 
the LM3001 
Primary-Side 
Driver. The driver takes 
the feed- 
back pulse signal and converts 
it into a PWM gate drive for 
the Power 
MOSFET. 


FAULT 
RECOVERY 
OPERATION 


A 0.1670 
resistor 
sets 
the 
peak 
primary 
current 
limits 
to 
2.28A 
for the 
pulse-by-pulse 
limiting, 
and to 3.60A 
for the 
second-level 
limit. 
An 
RC network 
filters 
the 
current 
limit 


voltage 
to prevent 
the current 
limit (pin 6) from 
being 
acti- 


vated 
by the reverse 
recovery 
spike 
of the output 
rectifier. 


When the second 
level current 
limit is triggered, 
the LM3001 
shuts down and discharges 
the capacitor 
connected 
to pin S 


(the Shutdown 
Delay 
capacitor). 
After 
the 
capacitor 
is re- 


charged 
to a voltage 
of approximately 
2.1V, the device 
will 
try to restart. 
If the overcurrent 
condition 
persists, 
the device 
will shut down 
again. 


The LM3101 
provides 
the fault protection 
in case of an out- 
put short circuit. 
During normal 
operation, 
the operating 
fre- 
quency 
of this circuit 
is determined 
by a 2S kO resistor 
con- 
nected 
to pin 
1 of the 
LM3101. 
However, 
during 
a short 
circuit condition 
on the output, 
the frequency 
of the LM3101 
(and the entire circuit 
operating 
frequency) 
drops, yielding 
a 
very low duty cycle. This short-circuit 
frequency 
is set by the 
13 kO resistor 
connected 
to pin 5. 


The 
LM3101 
Mode 
Control 
and 
Current 
Mode 
Input 
pins 
(pins 2 and 6 respectively) 
are for current 
mode control 
op- 
eration. 
The MC pin determines 
which 
control 
mode is being 
used-the 
resistor 
tied to the supply voltage 
means voltage 
mode control 
(the resistor 
tied to ground 
would 
indicate 
cur- 
rent mode control). 


START-UP 
OPERATION 


When 
power is initially applied 
to the regulator, 
the LM3001 
Primary-Side 
PWM 
Driver 
receives 
its 
supply 
current 
through 
a 75 kO resistor 
connected 
to the input voltage 
(see 
Figure 
7). Once 
the supply 
pin voltage 
reaches 
the thresh- 
old of 11.8V 
(typical), 
the LM3001 
turns 
on, sending 
pulse 
signals 
(with an amplitude 
of approximately 
10V) to the gate 
of the Power MOSFET. 
Because 
the output 
is driving 
Power 
MOSFETs, 
which 
need 
gate-to-source 
voltages 
greater 
than 
10V for hard turn-on 
(low ROS(ON»), the threshold 
volt- 
age of 11.8V was selected 
to insure 
sufficient 
output 
volt- 
age. 


At the beginning 
of the start-up 
process, 
the secondary 
side 
of the regulator 
is still unbiased-hence 
the 
LM3001 
does 
not receive 
a feedback 
signal from the secondary 
side (see 
the Start-up 
Sequence 
in Figure U). Before the LM31 01 Sec- 
ondary-Side 
PWM 
Controller 
is controlling 
the 
circuit, 
the 
initial operating 
frequency 
of the gate drive is determined 
by 
the LM3001 
internal 
oscillator. 
The oscillator 
uses an exter- 
nal capacitor 
and 
resistor, 
on pins 
14 and 
1 respectively. 


The initial operating 
frequency 
in this case is approximately 
500 
kHz. 
During 
this 
time, 
the 
regulator 
is operating 
in a 
"free-running" 
state. 


Also during the start-up, 
the LM3001 
executes 
Soft-Start 
by 
using the Soft-Start 
capacitor 
on pin 4. The voltage 
across 
this capacitor 
is compared 
to the oscillator 
ramp on pin 14 
(see the LM3001 
block diagram). 
In the offline 
regulator, 
the 
Soft-Start 
time is 15 I-'s approximately. 


During this time, as the Soft-Start 
capacitor 
charges 
up, the 
duty cycle increases 
with each progressive 
cycle, 
until final- 
ly the duty cycle reaches 
its maximum 
value set by the Duty 
Cycle 
Limit circuit 
(ROL - pin 2) or the Current 
Limit circuit 
(CLIM 
- pin 6). The 
Soft-Start 
phase 
ends 
when 
the 
duty 
cycle 
is limited 
by the ROL circuit. 
A resistor 
at this pin con- 
nects 
to an internal 
current 
source 
which 
together 
will gen- 
erate a voltage 
that will be compared 
to the oscillator 
ramp 
voltage. 
This comparison 
will determine 
the maximum 
duty 
cycle 
during this phase 
of the start-up 
cycle. 
For the circuit 
in Figure 
7, the 
duty 
cycle 
is limited 
to 63% 
by the 
ROL 
circuit. 


Typical Applications 
(Continued) 


The 
duty cycle 
will reach 
the 
RDL limit for several 
cycles, 


letting energy build up in the transformer-see 
the drain cur- 


rent waveform 
in Figure 
9. When the residual 
energy 
builds 


up enough, 
the duty cycle 
starts 
to decrease 
because 
it is 
now determined 
by the CUM 
circuit. 
A voltage 
of 0.38V 
or 


greater 
at this 
pin will toggle 
a pulse-by-pulse 
comparator 


on every cycle 
(see the LM3001 
block 
diagram). 
In the ap- 
plication 
circuit, 
a 0.167.l1 resistor 
will generate 
the current 


limit threshold 
voltage 
when 
a 2.28A 
(peak) 
current 
flows 


through 
it. With the CUM 
circuit 
in control 
of the duty cycle, 
the 
duty 
cycle 
will 
decrease 
with 
each 
successive 
cycle. 
The duty cycle 
will continue 
to shrink 
until the pulse 
feed- 
back from the LM3101 
takes 
control. 


As the 
LM3001 
switches 
the 
Power 
MOSFET 
on and off, 
the 
Power 
Transformer 
starts 
delivering 
power 
to the sec- 


ondary 
side of the circuit. 
This action 
will cause 
the supply 


voltage 
of the LM3101 
and the output 
voltage 
to gradually 


rise. 
When 
the 
supply 
voltage 
reaches 
the 
Undervoltage 
Lockout 
Threshold 
(of 3.9V), the LM3101 
starts supplying 
a 


pulse train to the differentiator 
circuit on pin 8. The resulting 
PWM 
signals 
are fed 
back 
to 
the 
LM3001 
via the 
pulse 


transformer. 
The first pulse signal to the LM3001 
will cause 


it to disconnect 
its internal 
oscillator 
from its PWM and Out- 


put 
Driver 
circuits 
and 
trigger 
the 
Output 
Driver 
from 
the 


pulse feedback 
signals 
(of the LM3101). 
At this point, 
con- 


trol of the frequency 
and the duty cycle 
changes 
from 
the 


LM3001 
to the LM3101. 


The LM3101 
also exercises 
Soft-Start 
capability 
(pin 3). An 
RC network 
connected 
to this 
pin allows 
the 
LM3101 
to 


gradually 
increase 
the duty cycle to its nominal 
value (in the 


example, 
the secondary 
Soft-Start 
time delay 
is 500 /Josap- 


proximately). 


The method 
of Soft-Start 
used by the LM3101 
ensures 
that 


the 
error 
amplifier 
is in its linear 
region 
before 
the 
output 


voltage 
reaches 
its nominal 
value, 
thus 
yielding 
a smooth 
start-up 
of the output without 
any overshoot 
(see Figure 
10). 
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FIGURE 
10. Output 
Voltage 
Start-up 


At the end of the start-up 
sequence, 
the circuit 
is in steady- 


state or normal 
PWM operation. 


Design Procedure 


For the Offline 
Voltage 
Mode 
Flyback 
Regulator 
(Figure 
7), 


the 
specifications 
for 
the 
power 
transformer, 
MOSFET 


switch, 
the switch 
snubber, 
and the output 
rectifier 
can be 


calculated 
based 
on the system 
specifications: 


System 
specifications: 
Vo = 5 VOC 
VI Range = 90 VAC-132 
VAC 
10 Range 
= 0.5A-10A 
Efficiency 
('I)) 
:::: 80% 
Fo = 500 kHz. 


TRANSFORMER 
SPECIFICATIONS 


Manipulating 
the transfer 
function 
of a flyback 
regulator 
re- 


sults in a calculation 
for the turns 
ratio of the power 
trans- 
former, 
involving 
the minimum 
input voltage, 
the output volt- 


age, and the maximum 
duty cycle 
(0): 


Vo + VF = (VIN(MIN)-VSW(ON»)· 
(NslNp). 
(0(MAX)/(1-0(MAX))) 
J.. 


Ns/Np 
= [(yo + VF)/(VIN(MIN)-VSW(ON»)] 
• 
«1-0(MAX»)/0(MAX») 


Assume 
that 
the diode 
forward 
voltage 
(VF) is about 
0.7V 


and 
the 
drain-to-source 
voltage 
when 
the 
switch 
is 
on 


(VSW(ON») is approximately 
0.9V. Selecting 
a 28% 
maximum 


duty cycle 
results 
in a turns 
ratio of: 


NslNp 
= (5.7V/126.1V). 
(1-0.28)/0.28 
= 0.12 


(Np/Ns 
= 8.5/1). 


Assuming 
an efficiency 
('I)) of 80%, 
the average 
input cur- 


rent (at the maximum 
load current 
and for the entire period) 


is: 


IIN = (VO) (10)/ (VIN(MIN)· 
'I)) = (50W)/(127V· 
0.80) 


= 0.49A. 


The average 
current 
when 
the switch 
is on is the average 


current 
over the entire 
period 
divided 
by the duty cycle: 


IIN(TON) = IIN/O = (0.49A)/(0.28) 
= 1.77 A. 


Selecting 
the primary 
inductance 
ripple current 
(Alp) to be a 


certain 
percentage 
of IIN(TON), and combining 
that with the 


duty cycle, 
input voltage, 
and operating 
frequency, 
gives the 


primary 
inductance 
by the equation: 


Lp = (VIN(MIN)-VSW(ON») • O(MAX)/ (Alp· 
Fo) 


Assuming 
the percentage 
to be 46% 
in the example, 
then: 


Lp = 126.1 V • 0.28/ (0.81 A • 500 kHz) "" 87 /LH. 


MOSFET 
PARAMETERS 


The 
peak 
current 
through 
the 
primary 
inductance 
and the 
Power 
MOSFET 
is the average 
current 
when 
the switch 
is 
on plus one-half 
the primary 
inductance 
ripple current: 


IpRI(PK) = IIN(TON) + (Alp/2) 
= 1.77A + (0.81M2) 


= 2.18A 


Assuming 
ideal 
conditions, 
the 
maximum 
voltage 
at 
the 
drain of the Power 
MOSFET 
when 
the switch 
is off is: 


VSW(OFFj = (Vo + VF) (NplNs) 
+ VIN(MAX) 


= (5.7V) (8.5) + 185V = 233V -+ 250V. 


However, 
leakage 
inductance 
exists 
in 
the 
transformer, 


causing 
a voltage 
spike 
immediately 
after the switch 
turns 
off. This voltage 
spike will add to the rest of the drain volt- 


ages, making 
VSW(OFF) even greater. 
With a leakage 
induc- 


tance 
that is 2% of the transformer 
primary 
inductance 
and 
selecting 
a switch 
which 
has a fall time of 2% the total off- 


time, the added 
voltage 
will be: 


VLL = 2% • Lp· 
IpRI(PK) • Fo/[2% 
• (1-0(MAX))). 


The 
maximum 
duty 
cycle 
of 28% 
is used 
for worst 
case 


purposes. 
Thus, the leakage 
inductance 
voltage 
spike 
is: 


VLL = 0.02 • 87 /LH • 2.18A • 500 kHz/ [0.02 • (1-0.28)] 


= 130V -+ 150V. 


This means 
the actual 
peak drain voltage 
is approximately 


400V. When choosing 
the Power 
MOSFET, 
add some 
mar- 


gin to this number. 
A 500V MOSFET 
was used in this appli- 


cation. 


SNUBBER 
DESIGN 


A "snubber" 
circuit, 
consisting 
of a 1N4937 
fast 
recovery 


diode 
and 
a parallel 
RC network, 
is inserted 
around 
the 


transformer 
primary 
to clamp 
the voltage 
spike. 
This 
is to 
reduce 
the switch 
voltage 
stress 
when 
it is off. The "snub- 


ber" 
components 
are calculated 
in the following 
manner: 


CSN ~ 0.02· 
Lp • Ip(PK)2/(VMAX2 
- 
VSN2) 


= 0.02 • 87 /LH • (2.18A)2/ 
[(255V)2 
- 
(250V)2) 
:::: 3.3 nF 


and 


RSN :5: [(VMAX + VSN - 
VIN)/2)2. 
[100/(Fo. 
Lp. 
Ip(PK)2)] 


= [(255V + 250V 
-185V)/2)2. 
[100/(500 
kHz. 
87 /LH 


• (2.18A)2)] 
:::: 12 kfi. 


In the Offline 
Flyback 
Regulator 
application, 
a 0.01 /LF ca- 


pacitor 
and a 10 kfi 
resistor 
are used as the snubber 
com- 


ponents. 
VMAX is the selected 
maximum 
voltage 
at the drain 
of the MOSFET. 
Usually 
the RC values 
are selected 
so that 


VMAX is 5V to 10V higher 
than VSN. The power 
dissipation 
of the resistor 
is: 


P = [(VMAX + VSN - 
VIN)/2)2/R 
= 


[(255V + 250V 
- 
185V)/2]2/10 
kfi = 2.56W. 


To add some 
margin, 
a 4W resistor 
is chosen. 


The fast recovery 
diode 
must have a reverse 
voltage 
rating 


greater 
than VMAX. The 1N4937 
has a 600V rating. 


OUTPUT 
DIODE 
PARAMETERS 


The 
peak 
secondary 
current 
can 
be calculated 
using 
the 
peak primary 
current 
and the turns ratio (this equation 
is for 


single output 
flyback 
regulators): 


ISEC(PK) = IpRI(PK)· 
(Np/Ns) 
= 2.18A· 


8.5 = 18.43A -+ 20A. 


Typical Applications 
(Continued) 


The maximum 
average 
current 
through 
the secondary 
and 
the diode, when 
the switch 
is off, is the maximum 
load cur- 
rent divided 
by the inverse 
of the duty cycle: 


ISEC(OFFj = ILOAD/(l-D(MAX) 
= 10AlO.72 


= 13.90A 
:::: 15A. 


The maximum 
average 
secondary 
current 
for the entire peri- 
od is the maximum 
load current 
(lOA). 


The maximum 
reverse-bias 
voltage 
on the output 
rectifier 
is: 


VRV = VIN(MAXj • (NS/Np) 
+ Vo + VF = 


(185V) (1/8.5) + 5.7V = 27.47V 
:::: 30V. 


A suitable 
diode for this circuit 
is the SR 1606, which 
has a 


reverse 
voltage 
rating of 60V and an average 
current 
rating 


of 16A. 


Telecom Converter 


The schematic 
of a flyback 
regulator, 
used in Telecom 
appli- 


cations, 
is shown 
in Figure 
11. The circuit 
has many of the 


component 
values 
that are in the offline 
converter. 
Notable 


LM3001 
PRIMARY 
DRIVER 


exceptions 
are the 
power 
transformer, 
in which 
the 
turns 
ratio 
and 
primary 
inductance 
has 
changed 
(due 
to 
the 


change 
in the 
input 
voltage 
range), 
and the 
Power 
MOS- 


FET, which 
has a lower 
on-resistance 
and a lower 
break- 


down voltage 
rating. 


The 
most 
significant 
difference 
in the 
circuit 
design 
is the 


change 
in the 
mode 
of operation-from 
voltage 
mode 
to 


current 
mode. 
For 
current 
mode 
operation, 
the'LM3101 


Mode 
Control 
pin (MC-pin 
2) is connected 
to ground 
by a 


6 kl1 
resistor, 
and 
the 
Control 
Mode 
pin (CMI- 
pin 6) is 


connected 
to the current 
sense 
transformer 
through 
a half- 


wave rectifier 
circuit and a low-pass 
filter. The filter is need- 


ed to remove 
the leading 
edge 
spike 
on the current 
wave- 


form, 
caused 
by the rectifier 
recovery 
and interwinding 
ca- 


pacitance 
of the power 
transformer. 


Smaller 
component 
differences 
include 
reducing 
the current 


sensing 
resistor 
in the primary 
side ground 
path (to allow for 


the 
larger 
primary 
current), 
and 
removing 
a primary 
side 


snubber 
circuit 
(due to smaller 
peak voltages 
at the drain). 


Also, the output 
rectifier 
and Power 
MOSFET 
snubbers 
are 


modified. 
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LM3101 
SECONDARY 
CONTROLLER 
• 


Application 
Hints 


Pulse Feedback Section 


During 
steady-state 
operation, 
the 
LM3101 
delivers 
pulse- 


width 
modulated 
signals 
to the feedback 
circuit. 
The feed- 
back circuit 
will convert 
that signal into a series 
of AC-cou- 
pled 
pulse 
signals 
and apply 
them 
to the 
LM3001 
via the 


pulse 
transformer 
(the first 
positive-edged 
pulse 
from 
the 


LM3101.wili 
cause 
the 
LM3001 
to disconnect 
its internal 


oscillator 
from 
its 
PWM 
and 
Output 
Driver 
circuits). 
The 


feedback 
pulses 
will trigger 
the 
LM3001 
Output 
Driver 
to 


apply 
PWM drive signals 
to the Power 
MOSFET 
gate. The 


timing 
diagram 
in Figure 
12 demonstrates 
the 
feedback 


communication. 


Pulse Interface 
Circuit 


The 
pulse 
interface 
circuit 
provides 
isolation 
for the feed- 
back circuit of the Offline 
Flyback 
Regulator. 
The differentia- 
tor circuit 
converts 
the 
PWM waveform 
into a pulse 
train. 
The differentiator 
delivers 
a train of 1VPK, 15 ns wide pulses 


to the pulse transformer. 
The core should 
have high perme- 
ability 
(typically 
10,000) 
at the switching 
frequency 
to allow 


the transfer 
of energy 
with a very small 
transformer 
(size). 
This one-to-one 
transformer 
transfers 
the pulse train to the 


LM3001 
via a 200!l. 
resistor, 
which 
is used 
mainly 
to filter 


noise from the system. 


10 ns 
~ 
T :s 95)J.s 
4vn I 


1VJ 
LJ 
I- 
'1 
500 ns :,,; T :,,; 1001's 
C 
Rp 
""111 


LM3101 


OSCILLATOR 


RA~P 


ERROR 
A~P 


OUTPUT 


L~310 1 
PW~ 
CO~P. 


OUTPUT 


PULSE 
fe 


WAVHOR~ 
(L~300 1 


PIN 
INPUT) 


TL/H/11436-1e 


FIGURE 
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~National 
Semiconductor 


LM3411 Precision Secondary Regulator/Driver 


General Description 
The LM3411 is a low power fixed-voltage (3.3V or 5.0V) 
precision shunt regulator designed specifically for driving an 
optoisolator to provide feedback isolation in a switching reg- 
ulator. 


The LM3411 circuitry includes an internally compensated op 
amp, a bandgap reference, NPN output transistor, and volt- 
age setting resistors. 
A trimmed precision bandgap reference with temperature 
drift curvature correction, provides a guaranteed 1% preci- 
sion over the operating temperature range (A grade ver- 
sion). The amplifier's inverting input is externally accessible 
for loop frequency compensation when used as part of a 
larger servo system. The output is an open-emitter NPN 
transistor capable of driving up to 15 mA of load current. 
Because of its small die size, one of the available packages 
is the sub-miniature 5-lead SOT23-5 surface mount pack- 
age. This package is ideal for use in space critical applica- 
tions. 
Although its main application is to provide a precision output 
voltage (no trimming reqUired)and maintain very good regu- 
lation in isolated DC/DC converters, it can also be used with 


other types of voltage regulators or power semiconductors 
to provide a precision output voltage without precision resis- 
tors or trimming. 


Features 
• 
Fixed voltages of 3.3V and 5.0V with initial tolerance of 
± 1% for standard grade and ± 0.5% for A grade 
• 
Custom voltages available (3V-17V) 
• 
Wide output current range, 20 /LA-15 mA 
• 
Low temperature coefficient 
• 
Available in a-pin DIP and 5-lead SOT23-5 surface 
mount package (tape and reel) 


Applications 
• 
Secondary controller for isolated DC/DC PWM switch- 
ing regulators systems 
• 
Use with LDO regulator for high-precision fixed output 
regulators 
• 
Precision monitoring applications 
• 
Use with many types of regulators to increase precision 
and improve performance 
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LM3411 
Functional 
Diagram 
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Package 
(M5) 
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For Ordering 
Information 
See Figure 
1 in this Data Sheet 
See NS Package 
Number 
MA05A 


·No internal 
connection, 
but 
should be soldered 
to PC board for 
best heat transfer. 


8-Lead 
Dual-In-Line 
Package 
(N) 
Actual 
Sizeo 


TL/H/11987-6 
Top View 


Order Number 
LM3411 N-3.3, LM3411AN-3.3, 
L3411 N-5.0 or LM3411 AN-5.0 
See NS Package 
Number 
N08E • 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Power 
Dissipation 
(TA = 25·C) 
(Note 2) 
please 
contact 
the 
National 
Semiconductor 
Sales 
M5 Package 
300mW 
Office/Distributors 
for 
availability 
and 
specifications. 
N Package 
600mW 
Input Voltage 
V(IN) 
20V 
ESD Susceptibility 
(Note 3) 
Output Current 
20mA 
Human Body Model 
1500V 
Junction 
Temperature 
150·C 
See AN-450 
"Surface 
Mounting 
Methods 
and Their 
Effect 
Storage 
Temperature 
- 65·C to + 150·C 
on Product 
Reliability" 
for 
methods 
on soldering 
surface- 
Lead Temperature 
mount 
devices. 


M5 Package 
Operating 
Ratings 
(Notes 
1 and 2) 
Vapor Phase (60 sec.) 
+215·C 


Infrared 
(15 sec.) 
+ 220·C 
Ambient 
Temperature 
Range 
-40·C';: 
TA';: 
+85·C 


N Package 
Soldering 
(10 sec.) 
+ 260·C 
Junction 
Temperature 
Range 
-40·C';: 
TJ';: 
+125·C 


Output Current 
15mA 


LM3411-3.3 
Electrical Characteristics 
Specifications 
with standard 
type face are for TJ = 25·C. and those 
with boldface 
type 
apply over full Operating 
Tem- 
perature 
Range. 
Unless 
otherwise 
specified. 
V(IN) = VREG. VOUT = 1.5V. 


Typical 
LM3411 A-3.3 
LM3411-3.3 
Units 
Symbol 
Parameter 
Conditions 
Limit 
Limit 
(Note 
4) 
(Note 
5) 
(Note 
5) 
(Limits) 


VREG 
Regulation 
Voltage 
lOUT = 5mA 
3.3 
V 


3.317/3.333 
3.333/3.366 
V(max) 


3.284/3.267 
3.267/3.234 
V(min) 


Regulation 
Voltage 
lOUT = 5mA 
±0.5/ 
± 1 
±1/±2 
% (max) 
Tolerance 


Iq 
Quiescent 
Current 
lOUT = 5mA 
85 
JloA 


110/115 
125/150 
JloA(max) 


Gm 
Transconductance 
20 JloA,;: lOUT';: 
1 mA 
3.3 
mAlmV 


.6.IOUTIt.vREG 
1.5/0.75 
1/0.50 
mAlmV(min) 


1 mA ,;: lOUT';: 
15 mA 
6.0 
mAlmV 


3.3/2.0 
2.5/1.7 
mAlmV(min) 


Av 
Voltage 
Gain 
1V,;: 
VOUT';: 
VREG - 
1.2V(-1.3) 
1000 
VIV 


.6.VOUT/.6.VREG 
RL = 140D. (Note 6) 
550/250 
450/200 
VIV(min) 


1V ,;: VOUT ,;: VREG - 
1.2V (-1.3) 
3500 
VIV 
RL = 2 kD. 
1500/900 
1000/700 
VIV(min) 


VSAT 
Output 
Saturation 
V(IN) = VREG + 100 mV 
1.0 
V 
(Note 7) 
lOUT = 15mA 
1.2/1.3 
1.2/1.3 
V(max) 


IL 
Output 
Leakage 
V(IN) = VREG -100 
mV 
0.1 
JloA 


Current 
VOUT = OV 
0.5/1.0 
0.5/1.0 
JloA(max) 


Rt 
Internal 
Feedback 
52 
kD. 


Resistor 
(Note 8) 
65 
65 
kD.(max) 


39 
39 
kD.(min) 


En 
Output 
Noise 
lOUT = 1 mA. 10Hz 
,;: f ,;: 10kHz 
50 
JloVRMS 
Voltage 


LM3411-5.0 Electrical 
Characteristics 
Specifications 
with standard 
type face are for TJ = 25"C, and those 
with boldface type apply over full Operating Tem- 
perature Range. Unless 
otherwise 
specified, 
V(IN) = VREG, VOUT = 1.5V. 


LM3411 A·5.0 
LM3411·5.0 
Units 
Symbol 
Parameter 
Conditions 
Typical 
Limit 
Limit 
(Note 
4) 
(Note 
5) 
(Note 
5) 
(Limits) 


VREG 
Regulation 
Voltage 
lOUT = 5 mA 
5 
V 


5.025/5.050 
5.050/5.100 
V(max) 


4.975/4.950 
4.950/4.900 
V(min) 


Regulation 
Voltage 
lOUT = 5mA 
±0.5/ 
± 1 
±1/±2 
% (max) 


Tolerance 


Iq 
Quiescent 
Current 
lOUT = 5mA 
85 
I-'A 
110/115 
125/150 
I-'A(max) 


Gm 
Transconductance 
20 I-'A S;; lOUT S;; 1 mA 
3.3 
mAlmV 


AIOUT/ AVREG 
1.5/0.75 
1.0/0.5 
mAlmV(min) 


1 mA 
S;; lOUT S;; 15mA 
6.0 
mAlmV 


3.3/2.0 
2.5/1.7 
mAlmV(min) 


Av 
Voltage 
Gain 
1V S;; VOUT S;; VREG - 
1.2V (-1.3) 
1000 
VIV 


AVOUT/AVREG 
RL = 250fl 
(Note 6) 
750/350 
650/300 
VIV(min) 


1V S;; VOUT S;; VREG - 
1.2V(-1.3) 
3500 
VIV 


RL = 2 kfl 
1500/900 
1000/700 
VIV(min) 


VSAT 
Output 
Saturation 
V(IN) = VREG + 100 mV 
1.0 
V 


(Note 7) 
lOUT = 15mA 
1.2/1.3 
1.2/1.3 
V(max) 


IL 
Output 
Leakage 
V(IN) = VREG -100 
mV 
0.1 
I-'A 
Current 
VOUT = OV 
0.5/1.0 
0.5/1.0 
I-'A(max) 


Rf 
Internal 
Feedback 
94 
kfl 


Resistor 
(Note 8) 
118 
118 
kfl(max) 


70 
70 
kfl(min) 


En 
Output 
Noise 
lOUT = 1 mA, 10Hz 
S;; f S;; 10kHz 
80 
I-'VRMS 
Voltage 


Note 1: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. Operating 
Ratings indicate conditions 
for which the device is 
intended to be functional, 
but do not guarantee 
specific performance 
limits. For guaranteed 
specifications 
and test conditions. 
see the Electrical Characteristics. 


The guaranteed 
specifications 
apply only for the test conditions 
listed. Some performance 
characteristics 
may degrade when the device is not operated 
under the 
listed test conditions. 


Note 2: The maximum power dissipation 
must be derated at elevated 
temperatures 
and is dictated 
by TJmax (maximum junction 
temperature), 
8JA (junction to 
ambient thermal resistance), 
and TA (ambient temperature). 
The maximum allowable 
power dissipation 
at any temperature 
is (PDmax = TJmax - 
TA)/8JA or the 
number given in the Absolute 
Maximum Ratings, whichever 
is lower. The typical thermal resistance 
(8J~ when soldered to a printed circuit board is approximately 
306"'C/W for the M5 package, and 100"C/W for the N package. 


Note 3: The human body model is a 100 pF capacitor 
discharged 
through a 1.5 kO resistor into each pin. 


Note 4: Typical numbers are at 25°C and represent 
the most likely parametric 
norm. 


Note 5: Limits are 100% production 
tested at 25°C. Limits over the operating temperature 
range are guaranteed through correlation 
using Statistical Quality Control 


(SQC) methods. The limits are used to calculate 
National's 
Averaging Outgoing 
Level (AOOL). 


Note 6: Actual test is done using equivalent 
current sink instead of a resistor load. 


Note 7: VSAT = V(IN) - 
VOUT, when the voltage at the IN pin is forced 
100 mV above the nominal regulating voltage (VREG). 


Note 8: See Applications 
and Curves sections for information 
on this resistor. 
• 


Typical Performance 
Characteristics 


Normalized 
Output 
Saturation 


Temperature 
Drift 
Quiescent 
Current 
Voltage 
(V)SAT 


0.5 
110 
1.2 


E 
0.' 
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:; 
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l.SV 
V(IN) 
= 
VREG + 
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mV 
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0 
25 
so 
75 
'00 
125 
-so 
-25 
0 
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TEWPERATURE 
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Circuit 
Used for Bode Plots 
Bode Plot 
Bode Plot 
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Five Lead Surface Mount Package Marking 
and Order Information 
(SOT23-5) 


The small SOT23-5 
package 
allows 
only 4 alphanumeric 
characters 
to identity 
the product. 
The table 
below 
contains 
the field 


information 
marked 
on the package. 


Grade 
Order 
Package 
Supplied 
as 
Information 
Marking 


3.3V 
A (Prime) 
LM3411 AM5-3.3 
DOOA 
250 unit increments 
on tape and reel 


3.3V 
A (Prime) 
LM3411AM5X-3.3 
DOOA 
3K unit increments 
on tape and reel 


3.3V 
B (Standard) 
LM3411 M5-3.3 
DOOB 
250 unit increments 
on tape and reel 


3.3V 
8 (Standard) 
LM3411M5X-3.3 
DOOB 
3K unit increments 
on tape and reel 


5.0V 
A (Prime) 
LM3411 AM5-5.0 
D01A 
250 unit increments 
on tape and reel 


5.0V 
A (Prime) 
LM3411 AM5X-5.0 
D01A 
3K unit increments 
on tape and reel 


5.0V 
B (Standard) 
LM3411 M5-5.0 
D01B 
250 unit increments 
on tape and reel 


5.0V 
B (Standard) 
LM3411 M5X-5.0 
D01B 
3K unit increments 
on tape and reel 
• 


FIGURE 
1. SOT23·5 
Marking 
and Order 
Information 


The first letter "D" 
identifies 
the part as a Driver, the next two numbers 
indicate 
the voltage, 
"00" 
for 3.3V part and "01" 
for a 5V 
part. The fourth 
letter 
indicates 
the grade, 
"8" 
for standard 
grade. 
"A" 
for the prime grade. 


The SOT23-5 
surface 
mount package 
is only available 
on tape in quantities 
increments 
of 250 on tape and reel (indicated 
by the 
letters 
"M5" 
in the part number), 
or in quantities 
increments 
of 3000 on tape and reel (indicated 
by the letters 
"M5X" 
in the part 
number). 


Product Description 


The LM3411 
is a shunt regulator 
specifically 
designed 
to be 


the 
reference 
and 
control 
section 
in an overall 
feedback 


loop of a regulated 
power supply. The regulated 
output 
volt- 


age is sensed 
between 
the IN pin and GROUND 
pin of the 


LM3411. 
If the voltage 
at the IN pin is less than the LM3411 


regulating 
voltage 
(VREG), the OUT pin sources 
no current. 


As the voltage 
at the IN pin approaches 
the VREG voltage, 
the 
OUT 
pin begins 
sourcing 
current. 
This 
current 
is then 


used to drive a feedback 
device, 
(opto-coupler) 
or a power 


device, 
(linear regulator, 
switching 
regulator, 
etc.) which 
ser- 
vos the output 
voltage 
to be the same value as VREG. 


In some 
applications, 
(even 
under 
normal 
operating 
condi- 
tions) 
the voltage 
on the 
IN pin can be forced 
above 
the 


VREG voltage. 
In these 
instances, 
the maximum 
voltage 
ap- 


plied 
to the 
IN pin should 
not exceed 
20V. 
In addition, 
an 
ex1ernal resistor 
may be required 
on the OUT pin to limit the 


maximum 
current 
to 20 mA. 


Compensation 


The 
inverting 
input 
of the 
error 
amplifier 
is brought 
out to 


allow overall 
closed-loop 
compensation. 
In many of the ap- 


plications 
circuits 
shown 
here, compensation 
is provided 
by 


a single 
capacitor 
connected 
from the compensation 
pin to 


the out pin of the LM3411. 
The capacitor 
values 
shown 
in 


the 
schematics 
are adequate 
under 
most 
conditions, 
but 


they can be increased 
or decreased 
depending 
on the de- 


sired loop response. 
Applying 
a load pulse to the output 
of a 


regulator 
circuit 
and observing 
the resultant 
output 
voltage 


response 
is a easy method 
of determining 
the stability 
of the 


control 
loop. 
Analyzing 
more 
complex 
feedback 
loops 
re- 


quires additional 
information. 


The formula 
for AC gain at a frequency 
(f) is as follows; 


= 1 + Zt(f) 
Rt 


1 
j. 27T. f. C 


where 
Rt :::; 52 kD. for the 3.3V part, and Rt :::; 94 kD. for the 


5V part. 


The resistor 
(Rt) in the formula 
is an internal 
resistor 
located 


on the 
die. Since 
this 
resistor 
value 
will 
affect 
the 
phase 


margin, 
the worst 
case 
maximum 
and minimum 
values 
are 
important 
when 
analyzing 
closed 
loop 
stability. 
The 
mini- 
mum and maximum 
room temperature 
values of this resistor 


are specified 
in the Electrical 
Characteristics 
section 
of this 
data sheet, and a curve showing 
the temperature 
coefficient 


is shown 
in the 
curves 
section. 
In the 
applications 
shown 
here, 
the 
worst 
case 
phase 
margin 
occurs 
with 
minimum 
values 
of Rt. 


Test Circuit 


The test circuit 
shown 
in Figure 2 can be used to measure 


and verify various 
LM3411 
parameters. 
Test conditions 
are 
set by forcing 
the appropriate 
voltage 
at the VOUT Set test 
point and selecting 
the appropriate 
RL or lOUT as specified 


in the Electrical 
Characteristics 
section. 
Use a DVM at the 


"measure" 
test points 
to read the data. 


vour Set 


(Voltage 
range from 


OV to 
VREG 
- 
1.2V) 


LM3411 
'-....... 
Device 


Under 
Test 


100 
measure 


lNSa17 
10 


100 p.A/V 


Input Voltage 


+10V 
to 
+20V 
Regulated 
Output 
+5V, 250 mA 


Regulated 
Output 


Comm. 


The 
LM3411 
regulator/driver 
provides 
the 
reference 
and 


feedback 
drive functions 
in a regulated 
power supply. 
It can 


also be used together 
with 
many different 
types 
of regula- 


tors, 
(both 
linear 
and 
switching) 
as well 
as 
other 
power 


semiconductor 
devices 
to add precision 
and improve 
regu- 
lation 
specifications. 
Output 
voltage 
tolerances 
better 
than 


0.5% 
are possible 
without 
using trim pots or precision 
resis- 


tors. 


One of the main applications 
of the LM3411 
is to drive an 


opto-isolator 
to 
provide 
feedback 
signal 
isolation 
in 
a 


switching 
regulator 
circuit. 
For low current 
applications, 
(up 


to 250 mAl the circuit shown in Figure 3 provides 
good regu- 


lation 
and complete 
input/output 
electrical 
isolation. 


For an input voltage 
of 15V, this circuit 
can provide 
an out- 


put of either 
3.3V or 5V with a load current 
up to 250 mA 


with 
excellent 
regulation 
characteristics. 
With 
the part val- 
ues shown, 
this circuit operates 
at 80 kHz., and can be syn- 


chronized 
to a clock 
or an additional 
LM3578. 
(See LM 1578 


data sheet 
for additional 
information.) 


An isolated 
DC/DC 
flyback 
converter 
capable 
of higher out- 


put 
current 
is shown 
in Figure 
4. This 
circuit 
utilizes 
the 


LM2577 
SIMPLE 
SWITCHERTM 
voltage 
regulator 
for 
the 


Pulse 
Width 
Modulation 
(PWM), 
power 
switch 
and 
protec- 


tion functions, 
while the LM3411 
provides 
the voltage 
refer- 


ence, 
gain and opto 
coupler 
drive functions. 
In this circuit, 


the 
reference 
and 
error 
amplifier 
in the 
LM2577 
are 
not 


used (note 
that the feedback 
pin is grounded). 
The gain is 


provided 
by the LM3411. 
Since the voltage 
reference 
is lo- 


cated 
on the secondary 
side of the transformer, 
this circuit 


provides 
very good regulation 
specifications. 


The output 
of a switching 
regulator 
typically 
will contain 
a 


small ripple voltage 
at the switching 
frequency 
and may also 


contain 
voltage 
transients. 
These 
transient 
voltage 
spikes 
can be sensed 
by the LM3411 
and could 
give an incorrect 
regulation 
voltage. 
An RC filter 
consisting 
of a 1n resistor 


and a 100 nF capacitor 
will filter these 
transients 
and mini- 


mize this problem. 
The 1n resistor 
should 
be located 
on the 


ground 
side 
of the 
LM3411, 
and the 
capacitor 
should 
be 


physically 
located 
near the package. 
• 


Input 
+7V 
+V1N 
to 
+40V 


ON/Off 


47 
pf 


Lp = 150 pH 


+VIN 
Output 
L~2575-Adj 
470 
pf 


Regulated 


Output 


-5V. 
1A 


Improved 
output 
voltage 
tolerance 
and regulation 
specifica- 


tions 
are possible 
by combining 
the 
LM3411 A with one of 


the 
SIMPLE 
SWITCHER 
buck 
regulator 
IC·s. such 
as the 


LM2574. 
LM2575. 
or LM2576. 
The circuit shown 
in Figure 5 


can 
provide 
a 5V. 
± 0.5% 
Output 
(1 % over 
the operating 


temperature 
range) without 
using any trim-pots 
or precision 


resistors. 
Typical 
line 
regulation 
numbers 
are 
a 
1 
mV 


change 
on the output 
for a 8V-18V 
change 
on the 
input, 


and 
load 
regulation 
of 
1 mV 
with 
a 
load 
change 
from 


100 mA-1A. 


A DC-DC 
flyback 
converter 
that 
accepts 
a negative 
input 


voltage. 
and delivers 
either 
a positive 
or negative 
output 
is 


shown 
in Figure 6. The circuit 
utilizes a buck regulator 
(such 


as the 
LM2574. 
LM2575, 
or LM2576, 
depending 
on 
how 


much 
output 
current 
is needed) 
operating 
in a flyback 
con- 


figuration. 
The LM3411 
provides 
the reference 
and the re- 


quired 
level 
shifting 
circuitry 
needed 
to 
make 
the 
circuit 


work correctly. 


A unique feature 
of this circuit 
is the ability to ground 
either 


the high or low side of the output. 
thus generating 
either 
a 


negative 
or a positive 
output 
voltage. 
Although 
no isolation 
is provided. 
with the addition 
of an opto-isolator 
and related 
components. 
this 
circuit 
could 
provide 
input! output 
isola- 


tion. 


Combining 
a LM3411 A-5.0 with a 1A low dropout 
linear reg- 
ulator 
results 
in a 5V 
±0.5% 
(1 % over the operating 
tem- 
perature 
range) regulator 
with excellent 
regulation 
specifica- 
tions. with no trimming 
or 1% resistors 
needed. 


An added 
benefit 
of this circuit (and also true of many of the 


other 
circuits 
shown 
here) is the high-side 
and low-side 
re- 
mote 
output 
voltage 
sensing 
feature. 
Sensing 
the 
output 
voltage 
at the load eliminates 
the voltage 
drops 
associated 
with wire resistance. 
thus providing 
near perfect 
load regula- 


tion. 


A 5V, 1A regulator 
circuit 
featuring 
low dropout, 
very good 


regulation 
specifications, 
self protection 
features 
and allows 


output 
voltage 
sensing 
is shown 
in Figure 
7. The regulator 
used is a LM2941 
adjustable 
low dropout 
positive 
regulator, 


which 
also features 
an ON/OFF 
pin to provide 
a shutdown 


feature. 


Output 


Voltage 
+5V 


lA 


TUHI11987 -20 
FIGURE 8. 3.3V O.SA Low Dropout 
Regulator 
The circuit in Figure 8 shows a 3.3V low dropout regulator 
using the LM3411-3.3 and several discrete components. 
This circuit is capable of excellent performance with both 
the dropout voltage and the ground pin current specifica- 
tions improved over the LM2941/LM3411 circuit. 


The standard LM317 three terminal adjustable regulator cir- 
cuit can greatly benefit by adding a LM3411. Performance is 


increased and features are added. The circuit shown in Fig- 
ure 9 provides much improved line and load regulation, low- 
er temperature drift, and full remote output voltage sensing 
on both the high and low side. In addition, a precise current 
limit or constant current feature is simple to add. 


Current limit protection in most IC regulators is mainly to 
protect the IC from gross over-current conditions which 
could otherwise fuse bonding wires or blow IC metalization, 
therefore not much precision is needed for the actual cur- 
rent limit values. Current limit tolerances can sometimes 
vary from ± 10% to as high as +300% over manufacturing 
and temperature variations. Often critical circuitry requires a 
much tighter control over the amount of current the power 
supply can deliver. For example, a power supply may be 
needed that can deliver 100% of its design current, but can 
still limit the maximum current to 110% to protect critical 
circuitry from high current fault conditions. 


The circuit in Figure 9 can provide a current limit accuracy 
that is better than ±4%, over all possible variations, in addi- 
tion to having excellent line, load and temperature specifica- 
tions. 


Output 


Voltage 
+5V 
1.25 
ICL=-- 
RS 


• 


adjustable 
regulators 
can also 
be improved 
by adding 
the 


LM3411. 
Output 
voltages 
of either 3.3V or 5V at currents 
up 


to 1.5A (3A when 
using a LM333) 
are possible. 
Adding 
two 


resistors 
to the circuit 
in Figure 
10 adds the precision 
cur- 


rent limit feature 
as shown 
in Figure 
". 
Current 
limit toler- 


ances 
of 
±4% 
over 
manufacturing 
and temperature 
varia- 


tions 
are possible 
with this circuit. 


+ 1 ).IF 


tan I. 


Output 
Voltage 
-5V, 
1.5A 


TUH111967-22 
FIGURE 
10. Precision 
Negative 
Voltage 
Regulator 


TLlH111967-23 
FIGURE 
11. Precision 
Negative 
Voltage 
Regulator 
with Accurate 
Current 
Limit 


A simple 
5V supply 
monitor 
circuit 
is shown 
in Figure 
12. 


Using the LM3411's 
voltage 
reference, 
op-amp 
(as a com- 


parator) 
and output 
driver, this circuit provides 
a LED indica- 


tion of the presence 
of the 5V supply. 


TLIH/11967-24 
FIGURE 
12. 4.7V Power ON Detector 
with Hysteresis 


The LM3411 
initial room temperature 
tolerance 
is ± 1% and 


± 0.5% 
for the "A" 
grade part. If a tighter tolerance 
is need- 


ed, a trim scheme 
is shown 
in Figure 
13 that provides 
ap- 


proximately 
± 1% adjustment 
range 
of the 
regulation 
volt- 


age (VREG). 


TLIH/11987-25 


FIGURE 13. ± 50 mV External 
Trim 


The 
LM3411 
is guaranteed 
to drive 
a 15 mA load, 
but 
if 
more current 
is needed, 
a NPN boost transistor 
can be add- 


ed. The circuit shown 
in Figure 
14 is a shunt regulator 
capa- 
ble of providing 
excellent 
regulation 
over a very wide range 


of current. 


150).lA 
to 


250 mA 
+ 


Tl/H/11987-26 


FIGURE 
14. 250 mA Shunt Regulator 


Perhaps 
one of the simplest 
applications 
for the LM3411 
is 
the voltage 
detector 
circuit shown 
in Figure 
15. The OUT pin 
is low when 
the input voltage 
is less than VREG. When 
the 
V(IN) pin rises above 
VREG, the OUT 
pin is pulled 
high by 
the internal 
NPN output 
resistor. 


V+ 


FIGURE 
15. Voltage 
Detector 


Also 
an overvoltage 
detector, 
the crowbar 
circuit 
shown 
in 
Figure 
16 is normally 
located 
at the output of a power supply 


to protect 
the load from an overvoltage 
condition 
should 
the 


power 
supply 
fail with an input! output 
short. 


TL/H/11987 
-28 


FIGURE 
16. Overvoltage 
Crowbar 
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Semiconductor 


LM431A 
Adjustable Precision Zener Shunt Regulator 


General Description 
The LM431A is a 3-terminal adjustable shunt regulator with 
guaranteed temperature stability over the entire tempera- 
ture range of operation. The output voltage may be set at 
any level greater than 2.5V (VREF)up to 36V merely by 
selecting two external resistors that act as a voltage divided 
network. Due to the sharp turn-on characteristics this device 
is an excellent replacement for many zener diode applica- 
tions. 


Features 
• 
Average temperature coefficient 50 ppmrC 
• 
Temperature compensated for operation over the full 
temperature range 
• 
Programmable output voltage 
• 
Fast turn-on response 
• 
Low output noise 
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REF 
~_O 
"TO "-2 CATHODE 


ANODE 


Top View 


Order 
Number 
LM431ACZ 
or LM431AIZ 
See NS Package 
Number 
Z03A 


CATHODE 
1 


ANODE 
2 


ANODE 
3 


NC 
• 
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REFERENCE 


7 
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6 
ANODE 


5 
NC 


Top View 


Order 
Number 
LM431ACM 
or LM431AIM 
See NS Package 
Number 
M08A 


Absolute Maximum Ratings 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
please 
contact 
the 
National 
Semiconductor 
Sales 


Office/Distributors 
for 
availability 
and 
specifications. 


Storage 
Temperature 
Range 
- 65·C to + 150·C 


Operating 
Temperature 
Range 
Industrial 
(LM431AI) 
Commercial 
(LM431AC) 


Lead Temperature 
TO-92 
Package/SO-8 
Package 
(Soldering, 
10 sec.) 


Internal 
Power 
Dissipation 
(Notes 
1, 2) 
TO-92 
Package 
SO-8 Package 


37V 


-10 
mA to + 150 mA 


-0.5V 


10mA 


Max 
37V 


100mA 


Cathode 
Voltage 


Continuous 
Cathode 
Current 


Reference 
Voltage 


Reference 
Input Current 


Operating 
Conditions 


Cathode 
Voltage 
Cathode 
Current 


Min 


VREF 
1.0mA 


- 40·C to + 85·C 


O·Cto 
+70·C 


Nole 
1: TJ Max ~ 
15O"C. 


Note 2: Ratings appy to ambient temperature 
at 25°C. Above this tempera· 


ture, derate the TO-92 at 6.2 mWrC. and the 50-8 
at 6.5 mWrC. 


0.78W 
0.81W 


LM431A 
Electrical Characteristics 
TA = 25·C unless otherwise 
specified 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Units 


VREF 
Reference 
Voltage 
Vz = VREF, II = 10 mA (Figure 
I) 
2.440 
2.495 
2.550 
V 


VDEV 
Deviation 
of Reference 
Vz = VREF, II = 10 mA, 
Input Voltage 
Over 
TA = Full Range (Figure 
I) 
8.0 
17 
mV 
Temperature 
(Note 3) 


lJ.VREF 
Ratio of the Change 
in 
Iz = 10mA 
Vz from VREF to 10V 
-1.4 
-2.7 


lJ.Vz 
Reference 
Voltage 
to the 
(Figure2) 
mVIV 
Change 
in Cathode 
Vz from 10V to 36V 
Voltage 
-1.0 
-2.0 


IREF 
Reference 
Input Current 
Rl = 10 kO, R2 = 00, 
2.0 
4.0 
J-LA 
II = 10 mA (Figure 2) 


a:IREF 
Deviation 
of Reference 
Rl = 10kO, 
R2 = 00, 
Input Current over 
I, = 10mA, 
0.4 
1.2 
J-LA 
Temperature 
TA = Full Range (Figure 2) 


IZ(MIN) 
Minimum 
Cathode 
Current 
Vz = VREF (Figure 
I) 
0.4 
1.0 
mA 
for Regulation 


IZ(OFF) 
Off-State 
Current 
Vz = 36V, VREF = OV (Figure 3) 
0.3 
1.0 
J-LA 


rZ 
Dynamic 
Output 
Vz = VREF, 
0.75 
0 
Impedance 
(Note 4) 
Frequency 
= 0 Hz (Figure 
I) 


[ 


VDEV 
] 


± 
VREF (aI25°C) 
106 


T2 - 
T, 


Where: 


T2 - 
T1 = full temperature 
change. 


a: VREF can be positive or negative depending 
on whether the slope is posi- 


tive or negative. 


Example: VDEV = 8.0 mY. VREF ~ 2495 
mY. T2 - 
T, 
~ 
70"C. slope is 


positive. 


[ 8.0mV 
] 


2495mV106 


oc VREF ~ 
70"C 
- 
+ 46 ppmrC 


I>Vz 
rz=-I>lz 


When the device is programmed 
with two external resistors, R1 and R2, (see 


Figure 2), the dynamic output impedance 
of the overall circuit, 
fZ. is defined 
as: 


I>Vz 
[ 
Rl] 
rz=-QIi 
rz1+- 
I>lz 
R2 


TL/H/10055-4 
FIGURE 
1. Test Circuit for Vz = VREF 


CATHODE 
(Vz) 


ANODE 
(GND) 


Note:Vz 
~ VREF(1 + R1/R2) + IREF"R1 
FIGURE 
2. Test Circuit for Vz > VREF 
1N-:tVZ 
Lt"'· 


Typical Performance Characteristics 


Input Current vs Vz 
~ 
Thermal Information 
150 Input Current vs Vz 
1000 


TA = 25"C 
I 
TA = 25"C 


500 
Vz = VR£T 
I 


Vz = VR£T 
Loo 


.•.... 
1 
/fzW1N 
~ 


I 
100 
I 
llIO 
'" 
I 
g 
500 


~ 


200 
j 
~ 


.....•• 


~ 
50 
/ 
8 
J!; 
100 
1/ 
~ 


0 
i 100 
0 


0 
lD 
2D 
3D 
25 
70 
85 
125 
0 
lD 
2D 
3D 


CATHODEVOlTAGE - V 
TEWPERATURE- "C 
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Dynamic Impedance vs 
Frequency 


15 


TA = 25'C 


~. 
<l 
Vz = VR£T 
1.0kn 


, 
~ 


10 


~ 
~ 


~ 


~ 
50n 
~ 
I 


'" 
5D 
~ 
/ 


...;~ 


~ 
!Iz = 10 mA 


0 


-== 


lDk 
10k 
lOOk 
lDW 
lOW 
- 
FREQUENCY 
- 
Hz 
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Stability Boundary Conditions 
Note 1: The areas under the curves represent conditions that may cause the 
100 
A Vz = VREF 
I 


device to oscillate. 
For curves B, C, and 0, R2 and V+ 
were adjusted 
to 


90 


establish the initial Vz and Iz conditions 
with CL = O. V+ 
and Cl were then 


B Vz = 5 V AT IZ = 10 mA 
(NOTE 1) 
adjusted to determine 
the ranges of stability. 


« 
BO 
E 
C Vz = 10V AT IZ = 10 mA 


I 
70 
o Vz = 15 V AT IZ = 10 mA 


>0- 
J 
STABLE 


1:5 
60 
'" 


A 
B 
C 


'" 
50 
~ 
I 
u 
STABLE 
... 
40 
I 
c0 
30 
:I:3 
20 
I 
I 


10 
TA - 
250(; 
Ii 
I 
0 
\\ 


0 
// -..... 
\\ 


10pf 
loopf 
l000pf 
0.01# 
0.1# 
1# 
10# 


LOAD CAPACITANCE 


TlIHI10055-11 
Test Circuit for Curve A Above 
Test Circuit for Curves B, C and D Above 


,. 


IK~ 
150n 
Rl ••• 
~ IK 150n 
r: 


~ 


!,~ 
10kn 
~ - 
~~V+ 
CL :;: ~ 
CL :::, 


, •... 


:"" 
L: 
j 
VREF 
'I 
- 
.;f 
- 
R2/, 
-- 


...l... 
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- 
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cr: 
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Typical Applications 
CO) 
.".:E 
...J 


Shunt Regulator 


V+ 
I 
I 
I 


Rl 
I 


VREF 
-L 
..,... 


I 


R2 
I 
I 
I 
I 


va'" 
(1 
+~) 
VREF 


Series Regulator 


V+ 


3011 


0.01 


pF 


R2 


va", 
(1 
+~)VREF 


Single Supply Comparator 
with 


Temperature 
Compensated 
Threshold 


Output 
Control 
of a Three 


Terminal 
Fixed Regulator 


va ~ (1 
+~) 
VREF 


va MIN ~ VREF + 5V 


YON 
••• 
2 V 
VOFF = V+ 


VUMIT'" 
(1 
+~)VREF 


Over Voltage/Under 
Voltage 
Protection 
Circuit 


( 
R1B) 
LOW LIMIT'" 
VREF 
1 + R2B 
+ VBE 


( 
R1A) 
HIGH LIMIT'" 
VREF 
1 + R2A 


( 


R1B) 
LED ON WHEN 
LOW LIMIT'" 
VREF 
1 + R2B 
LOW LIMIT < V+ < HIGH LIMIT 


( 
R1A) 
HIGH LIMIT'" 
VREF 
1 + R2A 


OUT ON 
WHEN 
LOW 
HIGH 
L1WIT <V+ 
< 
L1WIT 


• 


VREf 
10=-- 


RS 


RS 


t!1National 
Semiconductor 


LM78S40 
Universal Switching Regulator Subsystem 


General Description 


The 
LM78S40 
is a monolithic 
regulator 
subsystem 
consist- 


ing of all the active 
building 
blocks 
necessary 
for switching 


regulator 
systems. 
The 
device 
consists 
of a temperature 
compensated 
voltage 
reference, 
a duty-cycle 
controllable 


oscillator 
with an active 
current 
limit circuit, 
an error amplifi- 
er, high current, 
high voltage 
output 
switch, 
a power 
diode 


and an uncommitted 
operational 
amplifier. 
The device 
can 


drive external 
NPN or PNP transistors 
when 
currents 
in ex- 


cess of 1.5A or voltages 
in excess 
of 40V are required. 
The 


device 
can 
be 
used 
for 
step-down, 
step-up 
or 
inverting 


switching 
regulators 
as well as for series 
pass regulators. 
It 


features 
wide supply voltage 
range, 
low standby 
power dis- 


sipation, 
high 
efficiency 
and 
low drift. 
It is useful 
for any 


stand-alone, 
low part count switching 
system 
and works 
ex- 


tremely 
well in battery 
operated 
systems. 


Features 


• 
Step-up, 
step-down 
or inverting 
switching 
regulators 


• 
Output 
adjustable 
from 
1.25V to 40V 


• 
Peak currents 
to 1.5A without 
external 
transistors 


• 
Operation 
from 
2.5V to 40V input 


• 
Low standby 
current 
drain 


• 
80 dB line and load regulation 


• 
High gain, high current, 
independent 
op amp 


• 
Pulse width 
modulation 
with no double 
pulsing 


01....n.. 


REFERENCE 
OP AMP 
OP AMP 
OP AMP 
OP AMP 
SWITCH 
DIODE 
DIODE 


VOLTAGE 
-IN 
+IN 
SUPPLY 
OUT 
EMlnER 
ANODE 
CATHODE 


TUH/10057-2 


Part Number 
NSPackage 
Temperature 
Range 


LM78S40J/883 
J16A Ceramic 
DIP 
- 55'C to + 125'C 


LM78S40N 
N16E Molded 
DIP 
- 40'C to + 125'C 


LM78S40CN 
N16E Molded 
DIP 
O'Cto 
+70'C 


DIODE 


CATHODE 


DIODE 


ANODE 
SWITCH 
EMITTER 


OP AMP OUT 


OP At.lP 
SUPPLY 


OP AWP +IN 


OP ••.•• P -IN 


REfERENCE 
VOLTAGE 


16·Lead 
DIP 


16 
SWITCH 
COllLECTOR 


15 
DRIVER 
COlLECTOR 


l4 
lpK SENSE 


13 
'IN 


12 
TII.4tNG 
CAPACITOR 


11 
GND 


'0 
COWPARATOR -IN 


COWPARATOR +IN 


• 


Absolute Maximum Ratings 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Common 
Mode 
Input Range 
please 
contact 
the 
National 
Semiconductor 
Sales 
(Comparator 
and Op Amp) 
-0.3 
to V+ 


Office/Distributors 
for availability 
and specifications. 
Differential 
Input Voltage 
Storage 
Temperature 
Range 
(Note 3) 
±30V 


Ceramic 
DIP 
-65"C 
to + 175"C 
Output 
Short 
Circuit 
Molded 
DIP 
- 65"C to + 150"C 
Duration 
(Op Amp) 
Continuous 
Operating 
Temperature 
Range 
Current from VREF 
10mA 
Extended 
(LM78S40J) 
- 55"C to + 125"C 
Voltage 
from 
Switch 
Industrial 
(LM78S40N) 
-40"C 
to + 125"C 
Collectors 
to GND 
40V 
Commercial 
(LM78S40CN) 
O"Cto 
+70"C 


Lead Temperature 
Voltage 
from Switch 


Ceramic 
DIP (Soldering, 
60 sec.) 
300"C 
Emitters 
to GND 
40V 


Molded 
DIP (Soldering, 
10 sec.) 
265"C 
Voltage 
from 
Switch 


Internal 
Power 
Dissipation 
(Notes 
1, 2) 
Collectors 
to Emitter 
40V 


16L-Ceramic 
DIP 
1.50W 
Voltage 
from Power Diode to GND 
40V 


16L-Molded 
DIP 
1.04W 
Reverse 
Power Diode Voltage 
40V 


Input Voltage 
from VIN to GND 
40V 
Current through 
Power Switch 
1.5A 


Input Voltage 
from V+ 
(Op Amp) to GND 
40V 
Current through 
Power Diode 
1.5A 


ESD Susceptibility 
(to be determined) 


LM78S40 
Electrical Characteristics 
TA = Operating 
temperature 
range, 
VIN = 5.0V, V+ (Op Amp) = 5.0V, unless 
otherwise 
specified. 
(Note 4) 


Symbol 
I 
Parameter 
I 
Conditions 
~ 
Units 


GENERAL 
CHARACTERISTICS 


Icc 
Supply Current 
VIN = 5.0V 
1.8 
3.5 
mA 
(Op Amp Disconnected) 
VIN = 40V 
" 
.. 


2.3 
5.0 
mA 


Icc 
Supply Current 
VIN = 5.0V 
4.0 
mA 
(Op Amp Connected) 
VIN = 40V 
j 
- 
, 
5.5 
mA 


REFERENCE 
SECTION 


VREF 
Reference 
Voltage 
IREF = 1.0 mA 
Extend 
- 55"C < TA < + 125"C, 
CommO < TA < +70"C, 
1.180 
1.245 
1.310 
V 
Indus -40"C 
< TA < +85"C 


VR LINE 
Reference 
Voltage 
VIN = 3.0V to VIN = 40V, 
0.04 
0.2 
mVIV 
Line Regulation 
IREF = 1.0 mA, TA = 25"C 
- 
" 


VRLOAO 
Reference 
Voltage 
IREF = 1.0 mA to IREF = 10 mA, 
0.2 
0.5 
mV/mA 
Load Regulation 
TA = 25"C 


OSCILLATOR 
SECTION 
r 


ICHG 
Charging 
Current 
VIN = 5.0V, TA = 25"C 
20 
50 
JJ.A 


ICHG 
Charging 
Current 
VIN = 40V, TA = 25"C 
20 
70 
JJ.A 


IOISCHG 
Discharge 
Current 
VIN = 5.0V, TA = 25"C 
150 
250 
JJ.A 


IOISCHG 
Discharge 
Current 
VIN = 40V, TA = 25"C 
, 
150 
350 
JJ.A 


Vasc 
Oscillator 
Voltage 
Swing 
VIN = 5.0V, TA = 25'C 
-, 
" 
0.5 
V 


lon/loll 
Ratio of Charge/ 
6.0 
JJ.s/JJ.s 
Discharge 
Time 
. 


LM78540 
Electrical Characteristics 
(Continued) 
TA = Operating 
Temperature 
Range, 
VIN = 5.0V, V+(Op 
Amp) = 5.0V, unless 
otherwise 
specified. 
(Note 4) 


~ 
Parameter 
I 
Conditions 
I 
Min 
[!!PJ 
Max 
~ 


CURRENT 
LIMIT SECTION 


~ 
Current 
Limit Sense Voltage 
ITA = 25°C 
I 
250 D 
350 
~ 


OUTPUT 
SWITCH 
SECTION 
I 


VSAT1 
Output Saturation 
Voltage 
1 
Isw = 1.0A (Figure 
1) 
1.1 
1.3 
V 


VSAT2 
Output 
Saturation 
Voltage 
2 
Isw = 1.0A (Figure 2) 
0.45 
0.7 
V 


hFE 
Output Transistor 
Current 
Gain 
Ic = 1.0A, VCE = 5.0V, TA = 25°C 
70 


IL 
Output 
Leakage 
Current 
Va = 40V, TA = 25°C 
10 
nA 


POWER 
DIODE 


VFD 
Forward 
Voltage 
Drop 
10 = 1.0A 
1.25 
1.5 
V 


lOR 
Diode Leakage 
Current 
Vo = 40V, TA = 25°C 
I 
10 
nA 


COMPARATOR 


Via 
Input Offset 
Voltage 
VCM = VREF 
1.5 
15 
mV 


liB 
Input Bias Current 
VCM = VREF 
35 
200 
nA 


110 
Input Offset 
Current 
VCM = VREF 
5.0 
75 
nA 


VCM 
Common 
Mode Voltage 
Range 
TA = 25°C 
0 
VIN-2 
V 


PSRR 
Power Supply 
Rejection 
Ratio 
VIN = 3.0V to 40V, TA = 25°C 
70 
96 
dB 


OPERATIONAL 
AMPLIFIER 


Via 
Input Offset 
Voltage 
VCM = 2.5V 
4.0 
15 
mV 


liB 
Input Bias Current 
VCM = 2.5V 
30 
200 
nA 


110 
Input Offset 
Current 
VCM = 2.5V 
5.0 
75 
nA 


Ays+ 
Voltage 
Gain+ 
RL = 2.0 kfi to GND; 
25 
250 
V/mV 
Va = 1.0V to 2.5V, TA = 25°C 


AyS- 
Voltage 
Gain- 
RL = 2.0 kfi to V+ 
(Op Amp) 
25 
250 
V/mV 
Va = 1.0V to 2.5V, TA = 25°C 


VCM 
Common 
Mode Voltage 
Range 
TA = 25°C 
0 
VCC - 
2 
V 


CMR 
Common 
Mode Rejection 
VCM = OV to 3.0V, TA = 25°C 
76 
100 
dB 


PSRR 
Power Supply 
Rejection 
Ratio 
V+ 
(Op Amp) = 3.0V to 40V, TA = 25°C 
76 
100 
dB 


10+ 
Output Source 
Current 
TA = 25°C 
75 
150 
mA 


10- 
Output Sink Current 
TA = 25°C 
10 
35 
mA 


SR 
Slew Rate 
TA = 25°C 
0.6 
V/JJ.s 


VOL 
Output Voltage 
LOW 
IL = -5.0 
mA, TA = 25°C 
1.0 
V 


VOH 
Output Voltage 
High 
IL = 50 mA, TA = 25°C 
V + (Op 
V 
Amp) 
- 
3V 


Note 1:TJ Max 
~ 
1SO"Cfor the MoldedDIP. and 17S"Cfor the CeramicDIP. 


Note 
2: Ratings apply to ambient temperature 
at 25°C. Above this temperature, 
derate the 16L·Ceramic 
DIP at 10 mwrc, and the 16L-Molded 
DIP at 8.3 mwrc. 


Note 
3: For suppty voltages 
less than 30V, the absolute 
maximum voltage 
is equal to the supply voltage. 


Note 4: A military RETS 
specification 
is available 
on request. At the time of printing, the LM78S40 
RETS specification 
complied with the Min and Max limits in this 
table. The LM78S40J 
may also be procured as a Standard 
Military Drawing. 


I 


Typical Performance 
Characteristics 


Reference 
Voltage 
vs 


CT vs OFF Time 
Junction 
Temperature 


470 
V,=5.0V' 
/ 


1.220 , 
1.218 
V, =5.0V 


I- 
TA= 250(; 
V 


>1.216 
I 
\ 
'a 
47 
t5' 


.214 


I 
/ 
~1.212 
~ 
u 
~'.2'0 
z~ 
/ 
~1.208 
u~ 
4.7 
~1.206 
Zl 
/ 
~1.2a. 


1.202 


0.47 
1.200 
1.0 
10 
100 
1000 
-75 
-50 
-25 
0 
25 
50 
75 
100 125 


OFr nME-}o<. 
JUNCTlONTEMPERATURE-O(; 


TL/H/10057-6 
TL/H/l0057-7 


Discharge 
Current 
vs 
Current 
Limit Sense 
Input Voltage 
Voltage 
vs Input Voltage 


250 
/ 
400 


_ TA=250(; 
_ TA=250(; 


< 


"- 
/ 
350 
I 
'E 
i 
/ 
I 
- 
!: 
-~- 
2 
::> 
200 
::; 
300 
u 
1/ 
•... 


t5 
i 
~ 
:I: 
::> 
u 
u 
250 
~ 


150 
200 
0 
10 
20 
30 
40 
50 
0 
10 
20 
30 
40 
50 


INPUTVOLTAGE- V 
INPUTVOLTAGE- V 


TLiH/l0057-8 
TL/H/l0057-9 


Design Formulas 


Characteristic 
Step-Down 
Step-Up 
Inverting 
Units 


Ion 
Va + Vo 
Va + Vo 
- 
V, 
IVai + Vo 


Ioff 
V, 
- 
VSAT 
- 
Va 
V,- 
VSAT 
V, 
- 
VSAT 


(ton + toff) 
Max 
1 
1 
1 
- 
- 
/LS 
1Min 
lMin 
lMIN 


" 


CT 
4 X 10-5 
ton 
4 X 10-5 
ton 
4 X 10-5 
ton 
/LF 


Ipk 
210 Max 
21 
• ton + toff 
21 
• ton + toff 
A 
OMax 
--- 
a Max 
toff 
toff 


LMin 
(VI- 
VSAT- 
Va) 
(VI- 
VSAT) 
(VI- 
VSAT) 
/LH 
I 
ton Max 
J 
ton Max 
I 
ton Max 


pk 
pk 
pk 


Rse 
O.33/lpk 
O.33/1pk 
O.33/lpk 
n 


Co 
Ipk (ton + toff) 


::::~·ton 
::::~·ton 
/LF 
8 Vripple 
Vripple 
Vripple 


Note: VSAT = Saturation lIoltage of the switching element. 


Vo = Forward voltage of the flyback diode. 


Functional Description 


SWITCHING FREQUENCY CONTROL 
The LM78S40 is a variable frequency, variable duty cycle 
device. The initial switching frequency is set by the timing 
capacitor. (Oscillator frequency is set by a single external 
capacitor and may be varied over a range of 100 Hz to 
100 kHz). The initial duty cycle is 6:1. This switching fre- 
quency and duty cycle can be modified by two mecha- 
nisms-the 
current limit circuitry (Ipksense)and the compar- 


ator. 
The comparator modifies the OFF time. When the output 
voltage is correct, the comparator output is in the HIGH 
state and has no effect on the circuit operation. If the output 
voltage is too high then the comparator output goes LOW. 
In the LOW state the comparator inhibits the turn-on of the 
output stage switching transistors. As long as the compara- 
tor is LOW the system is in OFF time. As the output current 
rises the OFF time decreases. As the output current nears 
its maximum the OFF time approaches its minimum value. 
The comparator can inhibit several ON cycles, one ON cy- 
cle or any portion of an ON cycle. Once the ON cycle has 
begun the comparator cannot inhibit until the beginning of 
the next ON cycle. 
The current limit modifies the ON time. The current limit is 
activated when a 300 mV potential appears between lead 
13 (VccJ and lead 14 (Ipkl. This potential is intended to re- 
sult when designed for peak current flows through Rsc. 
When the peak current is reached the current limit is turned 
on. The current limit circuitry provides for a quick end to ON 
time and the immediate start of OFF time. 


Generally the oscillator is free running but the current limit 
action tends to reset the timing cycle. 


Increasing load results in more current limited ON time and 
less OFF time. The SWitchingfrequency increases with load 
current. 


USING THE INTERNAL REFERENCE,DIODE, AND 
SWITCH 
The internal 1.245V reference (pin 8) must be bypassed, 
with 0.1 fLF directly to the ground pin (pin 11) of the 
LM78S40, to assure its stability. 


VFD is the forward voltage drop across the internal power 
diode. It is listed on the data sheet as 1.25V typical, 1.5V 
maximum. If an external diode is used, then its own forward 
voltage drop must be used for VFD. 


VSATis the voltage across the switch element (output tran- 
sistors 01 and 02) when the switch is closed or ON. This is 
listed on the data sheet as Output Saturation Voltage. 
"Output saturation voltage 1" is defined as the switching 
element voltage for 02 and 01 in the Darlington configura- 
tion with collectors tied together. This applies to Figure 
1, 


the step down mode. 
"Output saturation voltage 2" is the switching element volt- 
age for 01 only when used as a transistor switch. This ap- 
plies to Figure 2, the step up mode. 
For the inverting mode, Figure 3, the saturation voltage of 
the external transistor should be used for VSAT. 
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FIGURE 1. Typical Step-Down Regulator and 
Operational Performance (TA = 25°C) 


Characteristic 
Condition 
Typical 
Value 


Output Voltage 
10 = 200mA 
10V 


Line Regulation 
20V,,; VI"; 30V 
1.5mV 


Load Regulation 
5.0mA"; 
10 
3.0mV 
10"; 
300 mA 


Max Output Current 
Vo = 9.5V 
500mA 


Output Ripple 
10 = 200mA 
50mV 


Efficiency 
10 = 200mA 
74% 


Standby Current 
10 = 200mA 
2.8mA • 
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FIGURE 
2. Typical 
Step-Up 
Regulator 
and 
Operational 
Performance 
(TA = 25°C) 


Characteristic 
Condition 
Typical 


Value 


Output Voltage 
10 = 50mA 
25V 


Line Regulation 
5.OV ,;: VI ,;: 15V 
4.omV 


load 
Regulation 
5.omA';: 
10 
2.omV 
10';: 
100mA 


Max Output 
Current 
Vo = 23.75V 
160mA 


Output 
Ripple 
10 = 50mA 
30mV 


Efficiency 
10 = 50mA 
79% 


Standby 
Current 
10 = 50 mA 
2.6mA 
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FIGURE 
3. Typical 
Inverting 
Regulator 
and 
Operational 
Performance 
(T A = 25°C) 


Characteristic 
Condition 
Typical 


Value 


Output Voltage 
10 = 100mA 
-15V 


Line Regulation 
8.OV ,;: VI ,;: 18V 
5.omV 


load 
Regulation 
5.omA';: 
10 
3.omV 
10';: 
150mA 


Max Output Current 
Vo = 14.25V 
160mA 


Output 
Ripple 
10 = 100mA 
20mV 


Efficiency 
10 = 100mA 
70% 


Standby 
Current 
10 = 100mA 
2.3mA 


01 
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++470l'f 


• 


o 
fD 
~ t!JNational 
Semiconductor 


General Description 


The LMC7660 
is a CMOS voltage 
converter 
capable 
of con- 


verting 
a positive 
voltage 
in the range of + 1.5V to + 1OV to 


the corresponding 
negative 
voltage 
of -1.5V 
to -1 OV. The 
LMC7660 
is a pin-for-pin 
replacement 
for the industry-stan- 


dard 7660. The converter 
features: 
operation 
over full tem- 


perature 
and voltage 
range without 
need for an external 
di- 


ode, low quiescent 
current, 
and high power 
efficiency. 


The 
LMC7660 
uses 
its built-in 
oscillator 
to switch 
4 power 


MOS 
switches 
and charge 
two inexpensive 
electrolytic 
ca- 


pacitors. 


Features 


• 
Operation 
over full temperature 
and voltage 
range 
without 
an external 
diode 


• 
Low supply 
current, 
200 I-'A max 


• 
Pin-for-pin 
replacement 
for the 7660 


• 
Wide 
operating 
range 
1.5V to 10V 


• 
97% 
Voltage 
Conversion 
Efficiency 


• 
95% 
Power 
Conversion 
Efficiency 


• 
Easy to use, only 2 external 
components 


• 
Extended 
temperature 
range 


LMC7660 
N/COSV+ 
Cap+ 2 
7 Oso 


Gnd 3 
6 
LV 


Cap- 
4 
5 Vout 


Ordering Information 


LMC7660MJ 
- 55'C 
,;; TA ,;; + 125'C 


LMC7660lN 
- 40'C 
,;; TA ,;; + 85'C 


r---------------------------------------------" 
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Absolute Maximum Ratings (Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
please 
contact 
the 
National 
Semiconductor 
Sales 


Office/Distributors 
for 
availability 
and 
specifications. 


Supply Voltage 
10.5V 


Input Voltage 
on Pin 6, 7 
(Note 2) 
-0.3V 
to (V+ + 0.3V) 
for V+ 
< 5.5V 


(V+ 
- 
5.5V) to (V+ + 0.3V) 


for V+ > 5.5V 


Power Dissipation 


(Note 3) 


Tj Max (Note 3) 


8ja (Note 3) 


Storage 
Temp. 
Range 


Lead Temp. 
(Soldering, 
5 sec) 


ESD Tolerance 
(Note 8) 
Current 
into Pin 6 (Note 2) 


Output 
Short 
Circuit 
Duration 
(V+ 
~ 5.5V) 


Electrical Characteristics 
(Note 4) 


LMC7660MJ 


Parameter 
Conditions 
Typ 
Tested 
Limit 
(Note 
5) 


Supply Current 
RL = 
00 
120 
200 
400 


Supply Voltage 
RL = 10 kO, Pin 6 Open 
3 to 10 
3 to 10 
Range 
High (Note 7) 
Voltage 
Efficiency;;, 
90% 


Supply Voltage 
RL = 10 k!1, Pin 6 to Gnd. 
1.5 to 3.5 
1.5to 3.5 
Range 
Low 
Voltage 
Efficiency;;, 
90% 


Output Source 
IL = 20 mA 
55 
100 
Resistance 
150 


V = 2V, IL = 3 mA 
110 
200 


Pin 6 Short to Gnd. 
300 


Oscillator 
10 
Frequency 


Power Efficiency 
RL = 5 kO 
97 
95 
90 


Voltage 
Conversion 
RL = 
00 
99.9 
97 


Efficiency 
95 


Oscillator 
Sink or 
Pin 7 = Gnd. or V+ 
3 
Source 
Current 


J 
0.9W 
N 
1.4W 


150'C 
150'C 


140'C/W 
90'C/W 


-65'C 
~ T ~ 150'C 


260'C 
260'C 


LMC7660lN 


Tested 
Design 


Limit 
Limit 


(Note 
5) 
(Note 
6) 


200 
400 


3 to 10 
3to 10 


1.5t03.5 
1.5to 3.5 


100 
120 


200 
300 


Note 
1: Absolute Maximum ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications 
do not apply when operating 


the device beyond its rated operating 
conditions. 
See Note 4 for conditions. 


Note 
2: Connecting 
any input terminal 
to voltages 
greater than V+ or less than ground may cause destructive 
latchup. It is recommended 
that no inputs from 
sources operating 
from external supplies be applied prior to "power-up" 
of the LMC7660. 


Note 3: For operation 
at elevated temperature, 
these devices must be derated based on a thermal resistance 
of Bja and Tj max, Tj = TA + Bja Po. 


Note 
4: Boldface 
numbers apply at temperature 
extremes. 
All other numbers apply at TA = 25°C. V+ 
= 5V, Case = 0, and apply for the LMC7660 
unless 
otherwise 
specified. 
Test circuit is shown in Figure t. 


Note 5: Guaranteed 
and 100% production 
tested. 


Note 6: Guaranteed 
over the operating 
temperature 
range (but not 100% tested). These limits are not used to calculate 
outgoing quality revels. 


Note 7: The LMC7660 can operate without an external diode over the full temperature 
and voltage range. The LMC7660 can also be used with the external diode 


Ox, when replacing previous 7660 designs. 


Note 8: The test circuit consists 
of the human body model of 100 pF in series with 15000. 
• 
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Tl/H/9136-S 
FIGURE 
1. LMC7660 
Test 
Circuit 


Typical Performance Characteristics 
osc Freq. vs OSC 
Capacitance 
Vout vs lout 
@ v+ 
= 2V 
Vout vs lout 
@ v+ 
= 5V 


105 
3 
5 
y+; 5V 
• 
g 


TA;25OC 
· 
,04 
2 
3 
· 
~ 
~ 
~ 
2 
· 
~ 
~ 
1 
· 
~ 


1 
· 


0 
!< 
103 
> 
0 
5 
5 
I 


!3 
0 
§ 
-, 
/ 


102 
0 
" 
-2 


-1 
-- 


-3 
..•..•. 
--- 
-. 
10 
-2 
"""" 
-5 
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1 
10 
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104 
0 , 
2 
3 • 
5 
6 
7 
8 
0 
10 
20 
30 
40 
50 
60 


C..., (pr) 
LOADCURREHT(mA) 
LOADCURRENT(mA) 


Supply 
Current 
& Power 
Efficiency 
Supply 
Current 
& Power 
Efficiency 
Output 
Source 
Resistance 
as a 
vs Load 
Current 
(V+ 
= 2V) 
vs Load 
Current 
(V+ 
= 5V) 
Function 
of Temperature 
100 - 


20 
100 
_ 
100 
350 


90 
•.... 
1/ 
18 
90 
~ 
/- 
90 
30D 
;;;- 
g 
80 
16 
~ g 
80 
...,. 
80 
"' 
::II 


70 
1. 
70 
70 
!<i e 
250 
t 
/ 
!'; 
t 
/ 
!'; 
tJ 
~ 


60 
12 
is 
60 
60 
1/ 
g 
~ 
g 
~ 


200 
Y+;2V 
I:i 


50 
/ 
10 
~ 


50 
/ 
50 I 
~ 


40 
8 
40 
40 
150 
e; 
/ 
e; 
/ 
~ 
30 
V 
6 I ~ 
30 
/ 
30 I ~ 
100 
20 
• 
20 
20 
I-- 


...J.- 
/ 
5 
50~ 
Y+;5V 
10V 
2 
10 
10 
lout=20mA 


0 
0 
0 
0 
0 
0 
1 
2 
3 • 
5 
6 
7 
8 
9 
0 
10 
20 
30 
40 
50 
60 
-50 
-25 
0 
25 
50 
75 
100 
125 


lOAD CURROO (mA) 
lOAD CURROO (mA) 
TEWPERATURE(OC) 


Unloaded 
Oscillator 
Frequency 
as a Function 
of Temperature 
Output 
R vs Supply 
Voltage 
Peff vs OSC Freq. 
@ V+ 
= 5V 
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OSCllI.AToR fREQUENCY(Hz) 
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CIRCUIT 
DESCRIPTION 


The 
LMC7660 
contains 
four 
large 
CM08 
switches 
which 


are switched 
in a sequence 
to provide 
supply 
inversion 
YOU! 


= - Vin. Energy 
transfer 
and storage 
are provided 
by two 


inexpensive 
electrolytic 
capacitors. 
Figure 2 shows 
how the 


LMC7660 
can be used to generate 
-V+ 
from 
V+. 
When 


switches 
81 and 83 are closed, 
Cp charges 
to the supply 


voltage 
V+. 
During 
this time 
interval, 
switches 
82 and 84 


are open. 
After 
Cp charges 
to V+, 
81 and 83 are opened, 
82 and 84 are then closed. 
By connecting 
82 to ground, 
Cp 


develops 
a voltage 
-V+ 
/2 on Cr. After a number 
of cycles 


Cr will 
be pumped 
to exactly 
-V+. 
This 
transfer 
will 
be 


exact 
assuming 
no load on Cr, and no loss in the switches. 


In the circuit 
of Figure 2, 81 is a P-channel 
device 
and 82, 
83, 
and 84 are N-channel 
devices. 
Because 
the output 
is 


biased 
below 
ground, 
it is important 
that the p- 
wells of 83 


and 84 never become 
forward 
biased 
with respect 
to either 


their sources 
or drains. 
A substrate 
logic circuit 
guarantees 


that these 
p - 
wells 
are always 
held at the proper 
voltage. 
Under 
all conditions 
84 p- 
well must be at the lowest 
po- 


tential 
in the circuit. 
To switch 
off 84, a level translator 
gen- 
erates 
VGS4 = OV, and this is accomplished 
by biasing the 


level translator 
from the 84 p- 
well. 


An internal 
RC oscillator 
and 
-7 2 circuit 
provide 
timing 
sig- 


nals to the level translator. 
The built-in 
regulator 
biases 
the 


oscillator 
and 
divider 
to reduce 
power 
dissipation 
on high 


supply 
voltage. 
The regulator 
becomes 
active 
at about 
V + 
= 6.5V. 
Low voltage 
operation 
can be improved 
if the 
LV 


pin is shorted 
to ground 
for V+ 
" 
3.5V. For V+ 
;;, 3.5V, the 


LV pin must be left open to prevent 
damage 
to the part. 


POWER 
EFFICIENCY 
AND RIPPLE 


It is theoretically 
possible 
to approach 
100% efficiency 
if the 


following 
conditions 
are met: 


1) The drive circuitry 
consumes 
little power. 


2) The power 
switches 
are matched 
and have low Ron. 


3) The impedance 
of the reservoir 
and pump capacitors 
are 


negligibly 
small at the pumping 
frequency. 


The LMC7660 
closely 
approaches 
1 and 2 above. 
By using 


a large pump capacitor 
Cp, the charge 
removed 
while 
sup- 


plying the reservoir 
capacitor 
is small compared 
to Cp's total 


charge. 
8mall 
removed 
charge 
means 
small changes 
in the 


pump 
capacitor 
voltage, 
and 
thus 
small 
energy 
loss 
and 


high efficiency. 
The energy 
loss by Cp is: 


E = %Cp (V12 - 
V22) 


By using a large reservoir 
capacitor, 
the output 
ripple can be 


reduced 
to an acceptable 
level. 
For example, 
if the 
load 


current 
is 5 mA and the accepted 
ripple is 200 mV, then the 


reservoir 
capacitor 
can 
omit 
approximately 
be 
calculated 


from: 


dv 
Is = C'(jl 


-CrX~ 


4/Fosc 


0.5mA 
Cr = 0.5V/ms 
= 10 I-'F 


PRECAUTIONS 


1) Do not exceed 
the maximum 
supply 
voltage 
or junction 


temperature. 


2) Do not short pin 6 (LV terminal) 
to ground 
for supply volt- 


ages greater 
than 3.5V. 


3) Do not short circuit 
the output 
to V+. 


4) External 
electrolytic 
capacitors 
Cr and 
Cp should 
have 
their polarities 
connected 
as shown 
in Figure 
1. 


REPLACING 
PREVIOUS 
7660 DESIGNS 


To prevent 
destructive 
latchup, 
previous 
7660 
designs 
re- 


quire 
a diode 
in series 
with 
the 
output 
when 
operated 
at 


elevated 
temperature 
or supply 
voltage. 
Although 
this pre- 


vented 
the latchup 
problem 
of these designs, 
it lowered 
the 


available 
output 
voltage 
and increased 
the output 
series 
re- 


sistance. 


The National 
LMC7660 
has been designed 
to solve the in- 


herent 
latch 
problem. 
The 
LCM7660 
can operate 
over the 


y+ (p~~Pin 
2) 
S2 
I 
I 
I 
+ 
I 
I 
Cp 
I 
Gnd (pin 3) 
: 
- 
: 
• 


Typical Applications 


Changing 
Oscillator 
Frequency 


It is possible 
to dramatically 
reduce 
the quiescent 
operating 


current 
of the LMC7660 
by lowering 
the oscillator 
frequen- 


cy. The oscillator 
frequency 
can be lowered 
from a nominal 


10kHz 
to several 
hundred 
hertz, 
by adding 
a slow-down 


capacitor 
Case (Figure 3). As shown 
in the Typical 
Perform- 


ance Curves the supply current 
can be lowered 
to the 10 IJ-A 


range. 
This low current 
drain can be extremely 
useful when 


111(,;1t;li:::l~t::lIU 
III 
I...,IOUQI 1\",0, UU'"" 
~u Q. 
, •••••.•.••••• 
, 
~ 
.• I'.~ •••" ••• ~ 
••.•.•.•••••••••.•••••.•••• 


offset 
by raising 
C, and Cp until ripple 
and load current 
re- 


quirements 
are met. 


Synchronizing 
to an External 
Clock 


Figure 
4 shows 
an LMC7660 
synchronized 
to an external 
clock. The CMOS gate overrides 
the internal 
oscillator 
when 


it is necessary 
to switch faster 
or reduce 
power supply inter- 
ference. 
The external 
clock 
still passes 
through 
the -72 cir- 


cuit 
in the 7660, 
so the 
pumping 
frequency 
will be y. the 


external 
clock 
frequency. 


TLIH/9136- 7 
FIGURE 
3. Reduce 
Supply Current 
by Lowering 
Oscillator 
Frequency 


Vout 
c,~ 
10!'F 


FIGURE 
4. Synchronizing 
to an External 
Clock 
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Typical Applications 
(Continued) 


Lowering 
Output 
Impedance 
Paralleling two or more LMC7660's lowers output imped- 
ance. Each device must have it's own pumping capacitor 
Cp, but the reservoir capacitor Cr is shared as depicted in 
Figure 5. The composite output resistance is: 


R 
_ Routof one LMC7660 
out - 
Number of devices 


Increasing 
Output 
Voltage 
Stacking the LMC7660s is an easy way to produce a greater 
negative 
voltage. 
It 
should 
be 
noted 
that 
the 
input 


current required for each stage is twice the load current on 
that stage as shown in Figure 
6A. The effective output re- 


sistance is approximately the sum of the individual Routval- 
ues, and so only a few levels of mUltiplication can be used. 


It is possible to generate - 15V from + 5V by connecting 
the second 7660's pin 8 to +5V instead of ground as 
shown in Figure 68. Note that the second 7660 sees a full 
20V and the input supply should not be increased beyond 
+5V. 


• 


Typical Applications 
(Continued) 


Split V+ 
In Half 


Figure 
7 is one of the more 
interesting 
applications 
for the 


LMC7660. 
The circuit 
can be used 
as a precision 
voltage 


divider 
(for very light loads), alternately 
it is used to generate 


a % supply 
point 
in battery 
applications. 
In the % cycle 


when 
S1 and 
S3 
are 
closed, 
the 
supply 
voltage 
divides 


across 
the capacitors 
in a conventional 
way proportional 
to 


their value. 
In the % cycle when 
S2 and S4 are closed, 
the 


capacitors 
switch from a series connection 
to a parallel 
con- 
nection. 
This forces 
the capacitors 
to have the same 
volt- 
age; 
the 
charge 
redistributes 
to maintain 
precisely 
Y+ /2, 
across 
Cp and 
Cr. In this 
application 
all devices 
are only 


Y+ /2, 
and the supply 
voltage 
can be raised 
to 20Y giving 


exactly 
10Y at Yout. 


Getting 
Up ... 
and Down 


The LMC7660 
can also be used as a positive 
voltage 
multi- 
plier. This application, 
shown 
in Figure 
8, requires 
2 addi- 


tional 
diodes. 
Ouring 
the 
first 
% cycle 
S2 
charges 
Cp 1 
through 
01; 02 is reverse 
biased. 
In the next % cycle S2 is 


open and S1 is closed. 
Since Cp 1 is charged 
to Y+ 
- 
YOI 


and is referenced 
to Y+ 
through 
S1, the junction 
of 01 and 
02 
is at Y+ 
+ (V+ 
-VOl). 
01 
is reverse 
biased 
in this 
interval. 
This application 
uses only two of the four switches 
in the 7660. 
The other 
two 
switches 
can 
be put to use in 
performing 
a 
negative 
conversion 
at 
the 
same 
time 
as 
shown 
in Figure 
9. In the % cycle 
that 
01 is charging 
Cp 1, 


Cp2 is connected 
from ground 
to - Yout via S2 and S4, and 


Cr2 is storing 
Cp2's 
charge. 
In the interval 
that S1 and S3 


are closed, 
Cp 1 pumps 
the junction 
of 01 
and 
02 
above 


Y+, 
while 
Cp2 is refreshed 
from Y+. 


v+ 
+ 
Vout=T 
Crl 
l00P.F 


FIGURE 
7. Split V+ in Half 


Thermometer 
Spans 180·C 


Using the combined 
negative 
and positive 
multiplier 
of Fig- 


ure 
10 with an LM35 
it is possible 
to make a ",Power 
ther- 


mometer 
that spans 
a 180·C temperature 
range. The LM35 


temperature 
sensor 
has an output 
sensitivity 
of 10 mVrC, 
while 
drawing 
only 50 ",A of quiescent 
current. 
In order for 


the LM35 to measure 
negative 
temperatures, 
a pull down to 


a negative 
voltage 
is required. 
Figure 
10 shows 
a thermom- 
eter 
circuit 
for 
measuring 
temperatures 
from 
- 55·C 
to 


+ 125·C and requiring 
only two 1.5V cells. End of battery 
life 


can be extended 
by replacing 
the up converter 
diodes 
with 


Schottky's. 


Regulating 
-You! 


It is possible 
to regulate 
the output 
of the LMC7660 
and still 


maintain 
",Power 
performance. 
This 
is done 
by enclosing 


the LMC7660 
in a loop with a LP2951. 
The circuit 
of Figure 


11 will regulate 
Vou!to - 5V for IL = 10 mA, and Vin = 6V. 


For Vin > 7V, the output 
stays 
in regulation 
up to IL = 25 


mA. The error flag on pin 5 of the LP2951 sets low when the 
regulated 
output 
at pin 4 drops 
by about 
5%. The 
LP2951 


can be shutdown 
by taking 
pin 3 high; the LMC7660 
can be 


shutdown 
by shorting 
pin 7 and pin 8. 


The LP2951 can be reconfigured 
to an adjustable 
type regu- 


lator, which 
means 
the' LMC7660 
can give a regulated 
out- 


put from 
- 2.0V to 
- 10V dependent 
on the resistor 
ratios 


R1 and R2, as shown 
in Figure 
12, Vrat = 1.235V: 


Vou!= V,at (1 + :~) 


8 


2 
7 


LMC7660 


+ll.. 1.5Y 
.¢. 1.5Y 


OUTPUT = 10 mY I"C 


-55"C 
to + 125"C 
• 


Vout = Vref 
( 1 + ~) 


Vref 
~ 
1.235V 


·Low voltage operation 


I 
Regulated 
-Vout 


8 


7 


3 
LP2951 
330k 


4 
5 
Error 
Output 


R2 
Regulated 
-Vout 
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Motor Drive Circuits-Bridges 


Output 
Max Input 
Operating 
Package 
Page 
Device 
Description 
Current 
Voltage 
Temperature 
Availability 
No. 
(A) 
(V) 
(TJ) 


LMD18200 
DMOS H-Bridge 
with Internal 
Current Sense 
3 
55 
- 40'C to + 125'C 
11-Lead 
TO-220 
4-44 


LMD18201 
DMOS H-Bridge 
3 
55 
- 40'C to + 125'C 
11-Lead 
TO-220 
4-53 


LMD18245 
DMOS H-Bridge 
with Digital or Analog 
Control 
3 
55 
- 40'C to + 125'C 
15-Lead 
TO-220 
4-59 


LM18293 
4-Channel 
Push-Pull 
Driver 
1/Channel 
36 
- 40'C to + 125'C 
16-Lead 
DIP 
4-38 


Motor Drive Circuits-Linear 


Output 
Max Supply 
Operating 
Package 
Page 
Device 
Description 
Current 
Voltage 
Temperature 


(A) 
(V) 
(Te) 
Availability 
No. 


LM12 
Monolithic 
Power Op-Amp 
±10 
±30 
O'Cto 
+70'C 
4-LeadTO-3 
4-4 


Precision Motion Control Processor 


Operating 
Max Clock 
Package 
Page 
Device 
Features 
Temperature 
Speed 


(TA) 
(MHz) 
Availability 
No. 


LM628 
32-Bit Position, 
Velocity, 
and Acceleration 
Registers; 
Position 
and 


Velocity 
Modes; 
16-Bit PID Filter with Programmable 
Coefficients; 
- 40'C to + 85'C 
60r8 
28-Lead 
DIP 
4-17 
8 or 12-Bit DAC Output Data; Quadrature 
Incremental 


Encoder 
Interface; 
8-Bit Asynchronous 
Host Interface 


LM629 
Same Features 
as LM628, 
but with 8-Bit 


- 40'C to + 85'C 
PWM Sign/Magnitude 
Output 
Data 
60r8 
28-Lead 
DIP 
4·17 


General Description 
The LM12 is a power op amp capable of driving ±25V at 
± 10A while operating from ± 30V supplies. The monolithic 
IC can deliver BOWof sine wave power into a 40 load with 
0.01% distortion. Power bandwidth is 60 kHz. Further, a 
peak dissipation capability of BOOWallows it to handle reac- 
tive loads such as transducers, actuators or small motors 
without derating. Important features include: 
• 
input protection 
• 
controlled turn on 
• 
thermal limiting 
• 
overvoltage shutdown 
• 
output-current limiting 
• 
dynamic safe-area protection 
The IC delivers ± 10A output current at any output voltage 
yet is completely protected against overloads, including 
shorts to the supplies. The dynamic safe-area protection is 
provided by instantaneous peak-temperature limiting within 
the power transistor array. 
The turn-on characteristics are controlled by keeping the 
output open-circuited until the total supply voltage reaches 
14V. The output is also opened as the case temperature 


exceeds 150·C or as the supply voltage approaches the 
BVCEOof the output transistors. The IC withstands overvolt- 
ages to BOV. 
This monolithic op amp is compensated for unity-gain feed- 
back, with a small-signal bandwidth of 700 kHz. Slew rate is 
9V//Ls, 
even as a follower. Distortion and capacitive-load 
stability rival that of the best designs using complementary 
output transistors. Further, the IC withstands large differen- 
tial input voltages and is well behaved should the common- 
mode range be exceeded. 
The LM12 establishes that monolithic ICs can deliver con- 
siderable output power without resorting to complex switch- 
ing schemes. Devices can be paralleled or bridged for even' 
greater output capability. Applications include operational 
power supplies, high-voltage regulators, high-quality audio 
amplifiers, tape-head positioners, x-y plotters or other ser- 
vo-control systems. 


The LM12 is supplied in a four-lead, TO-3 package with V- 
on the case. A gold-eutectic die-attach to a molybdenum 
interface is used to avoid thermal fatigue problems. The 
LM12 is specified for either military or commercial tempera- 
ture range. 


Bottom 
View 


Order 
Number 
LM12CLK 
See NS Package 
Number 
K04A 


1.1k 


IN 


common 
ground 
polnt/ 


Absolute Maximum Ratings 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Junction 
Temperature 
(Note 3) 


please 
contact 
the 
National 
Semiconductor 
Sales 
Storage 
Temperature 
Range 
-65'Cto 
150'C 
Office/Distributors 
for 
availability 
and 
specifications. 
Lead Temperature 
(Soldering, 
10 seconds) 
300'C 
Total Supply Voltage 
(Note 1) 
80V 
Operating Ratings 
Input Voltage 
(Note 2) 


Output Current 
Internally 
Limited 
Total Supply Voltage 
15V to 60V 


Case Temperature 
(Note 4) 
O'Cto 
7crC 
Electrical Characteristics 
(Note 4) 


Typ 
LM12CL 


Parameter 
Conditions 
Units 
25'C 
Limits 


Input Offset 
Voltage 
± 10V s; Vs s; ±0.5 
VMAX, 
2 
15/20 
mV(max) 


VCM = 0 


Input Bias Current 
V- 
+ 4V s; VCM s; V+ 
-2V 
0.15 
0.711.0 
",A (max) 


Input Offset 
Current 
V 
+4V 
s; VCM s; V+ 
-2V 
0.03 
0.2/0.3 
",A (max) 


Common 
Mode 
V- 
+4V 
s; VCM S; V+ 
-2V 
86 
70/65 
dB (min) 
Rejection 


Power Supply 
V+ = 0.5 VMAX, 
90 
70/65 
dB (min) 
Rejection 
-6V" 
V- 
" 
-0.5 
VMAX 


V- 
= -0.5 
VMAX, 
110 
75/70 
dB (min) 
6V S; V+ 
S; 0.5 VMAX 


Output Saturation 
toN = 1 ms, 


Threshold 
dVIN = 5 (10) 
mV, 
lOUT = 1A 
1.8 
2.2/2.5 
V (max) 


8A 
4 
5/7 
V (max) 


10A 
5 
V (max) 


Large Signal Voltage 
toN = 2 ms, 
Gain 
VSAT = 2V, lOUT = 0 
100 
30/20 
V/mV(min) 


VSAT = 8V, RL = 40 
50 
15/10 
V/mV(min) 


Thermal 
Gradient 
POISS = 50W, toN = 65 ms 
30 
100 
",V/W(max) 
Feedback 


Output-Current 
toN = 10 ms, VOISS = 10V 
13 
16 
A (max) 
Limit 
toN = 100 ms, VOISS = 58V 
1.5 
0.9/0.6 
A (min) 


1.5 
1.7 
A (max) 


Power Dissipation 
tON = 100 ms, VOISS = 20V 
100 
80/55 
W(min) 
Rating 
VOISS = 58V 
80 
52/35 
W(min) 


DC Thermal 
Resistance 
(Note 5) 
VOISS = 20V 
2.3 
2.9 
'C/W 
(max) 


VOISS = 58V 
2.7 
4.5 
'C/W 
(max) 


AC Thermal 
Resistance 
(Note 5) 
1.6 
2.1 
'C/W 
(max) 


Supply Current 
VOUT = O,IOUT = 0 
60 
120/140 
mA(max) 


Note 
1: Absolute 
maximum ratings indicate limits beyond which damage to the device may occur. The maximum voltage 
for which the LM12 is guaranteed 
to 
operate is given in the operating 
ratings and in Note 4. With inductive 
loads or output shorts. other restrictions 
described 
in applications 
section apply. 


Note 2. Neither input should exceed the supply voltage by more than 50 volts nor should the voltage between one input and any other terminal exceed 60 volts. 


Note 3. Operating junction temperature 
is internally limited near 225°C within the power transistor 
and 1SO"C for the control circuitry. 


Note 4. The supply voltage is ± 30V (VMAX = SOV), unless otherwise specified. The voltage across the conducting 
output transistor (supply to output) is VOISSand 
internal power dissipation 
is POISS.Temperature 
range is O"C s: TC s::70"C where Tc is the case temperature. 
Standard typeface 
indicates limits at 25°C while 
boldface 
type 
refers 
to limits 
or special 
conditions 
over full temperature 
range. 
With no heat sink, the package will heat at a rate of 35°C/see 
per 100W of 


internal dissipation. 


Note 5. This thermal resistance 
is based upon a peak temperature 
of 200"C in the center of the power transistor and a case temperature 
of 25°C measured at the 
center of the package bottom. The maximum junction temperature 
of the control circuitry can be estimated based upon a dc thermal resistance of O.f1'C/W or an ac 
thermal resistance 
of O.SOC/W for any operating voltage. 


Although 
the 
output 
and 
supply 
leads 
are resistant 
to electrostatic 
discharges 
from 
handling, 
the 
Input 
leads 
are not. 
The 
part 
should 
be treated 
accordingly. 


Output-Transistor 
Ratings (guaranteed) 


Safe Area 
DC Thermal 
Resistance 
Pulse Thermal 
Resistance 


10 
6 
6 
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~-O.3ms 
"i" 
1C=25°C-- 
TJ=200oC 
"i" 
700C--- 
58'1--- 
TJ= 200°C 


< 
5.0 
T , '" 
~ 
5 ~ 
125OC- 
~ 
, 


z 
" 


1.0 
4 
- 
~ 
u 
/ 


u 
~ 
~ 


""" 
z 
< 
, 


=> 
~ 


< 
u 
~ 
4 
'" 
~ 
e- 
~ 
2.0 
" 


~ 
/' 
'" 
~ 


~ 


Te = 25° 
C 


~ ~ 


TJ = 200°C 
.- 
2 
- 
< 
< 
;;. 
1.0 
" 


3 
" 
~ 
- 
~ 
z 
z 
- 
e:- 
- 
0.5 
2 
0- 
- 


0 
20 
40 
60 
0 
20 
40 
60 
0.1 
1.0 
'0 
100 


COlLECTOR-EhlITTER 
VOLTAGE 
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VOLTAGE 
(v) 
PULSE 
WIDTH 
(ms) 
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Typical Performance 
Characteristics 


Pulse Power 
Limit 
Pulse Power 
limit 
Peak Output 
Current 
'·I_T~ 


'20 
I 


16 


I-' 
I IIIITUN 
= 230'C 
-- 
:q:: 


Vs = t30V 


100 
12 F: r-. 
'lOUT = 0 


TC = ~~~lbl 


200 e- 
I- 


80 
I 
< 
£ 
£ 
.•. 


~ 
60 
Te= 125°C 
z 
81-- 


~ 
.~ 


,. 
~ 


Ii' 
Ii' 
=> 
I-- 
p..;:;j::: 
Te = 25° 
C 
100 
l= 


40 
u 


~ 


toN = 100 ms 
4 
Te = 1000~ r-. 


20- 
- 
TUN = 2300 
C 
I 
I 
50 
L- 
0 
0 


0.1 
1.0 
10 
100 
0 
20 
40 
60 
0 
0.4 
0.8 
1.2 
1.6 


TIJr,l[ 
(ms) 
COLLECTOR-[WITTER 
VOLTAGE 
(v) 
T1l.l( 
(ms) 


8 


Output 
Saturation 
Voltage 
Large Signal Response 
Follower 
Pulse Response 


/ 


30 
- 
30 


toN = 1 ms 
V1N=i15V 
I I 
- 
20 
6 I--f- 
~ 


IOUT=il~ 
20 
- 
E 
10 


> 
". 
" 
'Is = BOV 
" 
I 
\ 
'8A 
~ 
z 
z 
~ 
4 
-, 
~ 
THD~ 5~ 
\-- 
~ 
0 
1/ 
:; 
'5A 
l..- 
••. = 4 n \ 
~ 
~ 
=> 
I 
10 
-10 
I~ 
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.1A 
-~ 
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l--- 
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T 
-'" 


-20 


I 
0 
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0 
50 
100 
150 
10k 
lOOk 
'N 
0 
5 
10 
15 
20 
25 
30 


CASE 
TEWPERTATURE 
(0 c) 
rREQUENCY (Hz) 
TINE (p,) 
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Typical Performance 
Characteristics 
(Continued) 


Large Signal Gain 
Thermal 
Response 
Total 
Harmonic 
Distortion 
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3 


I 
d.' 
Vs = :t30V 


I 
I 
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CASE TEWPERATURE (0 C) 
TI"E (m.) 
rREQUENCY (H,) 


Frequency 
Response 
Output 
Impedance 
Power Supply 
Rejection 
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rREQUENCY IH,) 
rREQUEHCY (H,) 
rREQUENCY (H,) 


Input Bias Current 
Input Noise Voltage 
Common 
Mode Rejection 
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80 f-lou,=O 
'DO 
lou, 
= 0 
- 
O.4I--VS=i30V! 
~ 


VOUT=±25V 
.. 
-:< 
I 
.5 
60 
.5 
80 
~ 
0.3 I-- 
••.... 
I 
1.1 


0 
z 
~ 
TC-2SoC 
z 
1"-. 


z 
~ 
~ 
/Vs= 
HO,V 
_ 
~ 
~ 
40 
~ 
60 
~ 
0.2 I-- 


:> 
Te- -550 
C 
:> 
:> 
J 


u 
u 
u 


20 
I 
I 
40 
~I 
0.1 I-- 


I 
- 
I- 
Vs = '20V 
I -II 
1-:-- 
~ 
1\.=411 


I 
1- I 
I \lI 


0 
20 
0'-- 


0 
'0 
20 
30 
-40 
-20 
0 
20 
40 
'k 
3k 
'Ok 
30k 
lOOk 


SUPPLY VQLTAGE (tv) 
QUTPUT VQLlAGE Iv) 
fREQUEHCY IH,) 


TL/H/8704-5 • 


Iwenty 
live years 
ago the operational 
amplifier 
was a spe- 
cialized 
design 
tool 
used 
primarily 
for analog 
computation. 
However, 
the availability 
of low cost 
IC op amps in the late 
1960's 
prompted 
their 
use in rather 
mundane 
applications, 
replacing 
a few 
discrete 
components. 
Once 
a few 
basic 
principles 
are mastered, 
op amps 
can be used to give ex- 
ceptionally 
good 
results 
in a wide 
range 
of 
applications 
while 
minimizing 
both cost and design 
effort. 


The availability 
of a monolithic 
power op amp now promises 
to ex1end these 
advantages 
to high-power 
designs. 
Some 
conventional 
applications 
are given here to illustrate 
op amp 
design 
principles 
as they relate to power circuitry. 
The inevi- 
table 
fall in prices, 
as the economies 
of volume 
production 
are realized, 
will prompt 
their use in applications 
that might 
now seem trivial. 
Replacing 
single power transistors 
with an 
op amp will become 
economical 
because 
of improved 
per- 
formance, 
simplification 
of 
attendant 
circuitry, 
vastly 
im- 
proved 
fault 
protection, 
greater 
reliability 
and the reduction 
of design 
time. 


Power op amps introduce 
new factors 
into the design 
equa- 
tion. With current 
transients 
above 
10A, both the inductance 
and resistance 
of wire interconnects 
become 
important 
in a 
number 
of ways. 
Further, 
power 
ratings 
are a crucial 
factor 
in determining 
performance. 
But the power capability 
of the 
IC cannot 
be realized 
unless 
it is properly 
mounted 
to an 
adequate 
heat sink. Thus, thermal 
design 
is of major impor- 
tance 
with power 
op amps. 


This application 
summary 
starts 
off by identifying 
the origin 
of strange 
problems 
observed 
while 
using 
the 
LM12 
in a 
wide variety 
of designs 
with all sorts 
of fault 
conditions. 
A 
few simple 
precautions 
will eliminate 
these 
problems. 
One 
would 
do well 
to read 
the section 
on supply 
bypassing, 
lead 
inductance, 
output 
clamp 
diodes, 
ground 
loops 
and reactive 
loading 
before 
doing 
any experimentation. 
Should 
there 
be problems 
with 
erratic 
operation, 
blow- 
outs, 
excessive 
distortion 
or oscillation, 
another 
look 
at 
these 
sections 
is in order. 


The 
management 
and 
protection 
circuitry 
can 
also 
affect 
operation. 
Should 
the total supply voltage 
exceed 
ratings or 
drop below 
15-20V, 
the op amp shuts off completely. 
Case 
temperatures 
above 
150'C 
also cause 
shut down 
until the 
temperature 
drops 
to 
145·C. 
This 
may 
take 
several 
sec- 
onds, 
depending 
on the thermal 
system. 
Activation 
of the 
dynamic 
safe-area 
protection 
causes 
both 
the 
main 
feed- 
back 
loop to lose control 
and a reduction 
in output 
power, 
with 
possible 
oscillations. 
In ac applications, 
the 
dynamic 
protection 
will cause waveform 
distortion. 
Since the LM 12 is 
well 
protected 
against 
thermal 
overloads, 
the suggestions 
for 
determining 
power 
dissipation 
and 
heat 
sink 
require- 
ments 
are presented 
last. 


SUPPLY 
BYPASSING 


All op amps 
should 
have their 
supply 
leads 
bypassed 
with 
low-inductance 
capacitors 
having 
short 
leads 
and 
located 
close to the package 
terminals 
to avoid spurious 
oscillation 
problems. 
Power op amps require 
larger bypass 
capacitors. 
The LM 12 is stable with good-quality 
electroly1ic 
bypass 
ca- 
pacitors 
greater 
than 
20 J.LF.Other 
considerations 
may re- 
quire larger 
capacitors. 


distorted 
signal 
can be fed back 
into internal 
circuitry. 
Low 
distortion 
at high frequencies 
requires 
that the supplies 
be 
bypassed 
with 470 p.F or more, 
at the package 
terminals. 


LEAD 
INDUCTANCE 


With ordinary 
op amps, lead-inductance 
problems 
are usual- 
ly restricted 
to supply 
bypassing. 
Power 
op amps 
are also 
sensitive 
to inductance 
in the output 
lead, 
particularly 
with 
heavy 
capacitive 
loading. 
Feedback 
to the input should 
be 
taken 
directly 
from the output 
terminal, 
minimizing 
common 
inductance 
with the load. Sensing 
to a remote 
load must be 
accompanied 
by a high-frequency 
feedback 
path 
directly 
from 
the output 
terminal. 
Lead 
inductance 
can also 
cause 
voltage 
surges on the supplies. 
With long leads to the power 
source, 
energy 
stored 
in the lead inductance 
when 
the out- 
put is shorted 
can be dumped 
back into the supply 
bypass 
capacitors 
when 
the 
short 
is removed. 
The 
magnitude 
of 
this transient 
is reduced 
by increasing 
the size of the bypass 
capacitor 
near the IC. With 20 J.LFlocal bypass, 
these 
volt- 
age surges 
are important 
only if the lead length 
exceeds 
a 
couple 
feet (> 1 p.H lead inductance). 
Twisting 
together 
the 
supply 
and ground 
leads 
minimizes 
the effect. 


GROUND 
LOOPS 


With 
fast, 
high-current 
circuitry, 
all sorts 
of problems 
can 
arise from improper 
grounding. 
In general, 
difficulties 
can be 
avoided 
by returning 
all grounds 
separately 
to a common 
point. 
Sometimes 
this 
is impractical. 
When 
compromising, 
special 
attention 
should 
be paid to the 
ground 
returns 
for 
the supply 
bypasses, 
load and input signal. 
Ground 
planes 
also help to provide 
proper 
grounding. 


Many 
problems 
unrelated 
to system 
performance 
can 
be 
traced 
to 
the 
grounding 
of 
line-operated 
test 
equipment 
used for system 
checkout. 
Hidden 
paths are particularly 
dif- 
ficult to sort out when 
several 
pieces 
of test equipment 
are 
used 
but can be minimized 
by using current 
probes 
or the 
new isolated 
oscilloscope 
pre-amplifiers. 
Eliminating 
any di- 
rect 
ground 
connection 
between 
the signal 
generator 
and 
the oscilloscope 
synchronization 
input solves 
one common 
problem. 


OUTPUT 
CLAMP 
DIODES 


When 
a pUSh-pull amplifier 
goes into power 
limit while 
driv- 
ing an inductive 
load, the stored 
energy 
in the 
load induc- 
tance 
can drive 
the output 
outside 
the 
supplies. 
Although 
the LM 12 has internal 
clamp diodes 
that can handle 
several 
amperes 
for 
a few 
milliseconds, 
ex1reme 
conditions 
can 
cause 
destruction 
of the IC. The internal 
clamp 
diodes 
are 
imperfect 
in that about 
half the clamp 
current 
flows 
into the 
supply 
to which 
the output 
is clamped 
while 
the other 
half 
flows 
across 
the 
supplies. 
Therefore, 
the 
use 
of ex1ernal 
diodes 
to clamp 
the output 
to the power supplies 
is strongly 
recommended. 
This is particularly 
important 
with higher sup- 
ply voltages. 


Experience 
has demonstrated 
that 
hard-wire 
shorting 
the 
output 
to the supplies 
can induce 
random 
failures 
if these 
external 
clamp 
diodes 
are not used and the supply voltages 
are 
above 
±20V. 
Therefore 
it is prudent 
to 
use 
output- 


Application 
Information 
(Continued) 


clamp 
diodes 
even when 
the load is not particularly 
induc- 
tive. This also 
applies 
to experimental 
setups 
in that 
blow- 
outs 
have 
been 
observed 
when 
diodes 
were 
not used. 
In 
packaged 
equipment, 
it may be possible 
to eliminate 
these 
diodes, 
providing 
that fault conditions 
can be controlled. 
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Heat sinking 
of the clamp 
diodes 
is usually 
unimportant 
in 
that they 
only 
clamp 
current 
transients. 
Forward 
drop with 
15A fault 
transients 
is of greater 
concern. 
Usually, 
these 


transients 
die out rapidly. 
The clamp 
to the negative 
supply 
can 
have 
somewhat 
reduced 
effectiveness 
under 
worst 
case 
conditions 
should 
the 
forward 
drop 
exceed 
1.0V. 
Mounting 
this diode to the power op amp heat sink improves 
the situation. 
Although 
the need has only been demonstrat- 
ed 
with 
some 
motor 
loads, 
including 
a third 
diode 
(D3 
above) 
will eliminate 
any concern 
about 
the clamp 
diodes. 
This diode, 
however, 
must be capable 
of dissipating 
contin- 
uous power as determined 
by the negative 
supply current 
of 
the op amp. 


REACTIVE 
LOADING 


The 
LM12 
is normally 
stable 
with 
resistive, 
inductive 
or 


smaller 
capacitive 
loads. 
Larger 
capacitive 
loads 
interact 
with the open-loop 
output 
resistance 
(about 
1fi) 
to reduce 
the phase 
margin 
of the feedback 
loop, 
ultimately 
causing 
oscillation. 
The critical 
capacitance 
depends 
upon the feed- 
back applied 
around 
the amplifier; 
a unity-gain 
follower 
can 
handle about 0.01 ",F, while more than 1 ",F does not cause 
problems 
if the loop gain is ten. With loop gains greater 
than 
unity, a speedup 
capacitor 
across 
the feedback 
resistor 
will 
aid stability. 
In all cases, the op amp will behave 
predictably 
only if the supplies 
are properly 
bypassed, 
ground 
loops are 
controlled 
and 
high-frequency 
feedback 
is derived 
directly 
from the output 
terminal, 
as recommended 
earlier. 


So-called 
capacitive 
loads 
are 
not 
always 
capacitive. 
A 
high-Q capacitor 
in combination 
with long leads can present 
a series-resonant 
load to the op amp. In practice, 
this is not 
usually 
a problem; 
but the situation 
should 
be kept in mind. 


L1.~ 
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Large 
capacitive 
loads 
(including 
series-resonant) 
can 
be 
accommodated 
by isolating 
the feedback 
amplifier 
from the 
load as shown 
above. 
The inductor 
gives low output 
imped-_ 


ance 
at lower 
frequencies 
while 
providing 
an isolating 
im- 
pedance 
at high frequencies. 
The resistor 
kills the Q of se- 
ries resonant 
circuits 
formed 
by capacitive 
loads. 
A low in- 
ductance, 
carbon-composition 
resistor 
is 
recommended. 


Optimum 
values 
of Land 
R depend 
upon the feedback 
gain 


and expected 
nature of the load, but are not critical. 
A 4 ",H 
inductor 
is obtained 
with 
14 turns of number 
18 wire, close 
spaced, 
around 
a one-inch-diameter 
form. 


C2 


_________ 
4_7~-L 
V- 
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The 
LM12 
can 
be made 
stable 
for all loads 
with 
a large 
capacitor 
on the output, 
as shown 
above. 
This compensa- 


tion 
gives 
the 
lowest 
possible 
closed-loop 
output 
imped- 
ance 
at high 
frequencies 
and 
the 
best 
load-transient 
re- 


sponse. 
It is appropriate 
for 
such 
applications 
as voltage 


regulators. 


A feedback 
capacitor, 
Cl, is connected 
directly 
to the output 
pin of the IC. The output 
capacitor, 
C2, is connected 
at the 
output 
terminal 
with 
short 
leads. 
Single-point 
grounding 
to 


avoid 
dc and ac ground 
loops 
is advised. 


The impedance, 
ZI, 
is the wire connecting 
the op amp out- 


put to the load capacitor. 
About 
3-inches 
of number-18 
wire 


(70 nH) gives good 
stability 
and 18-inches 
(400 nH) begins 
to degrade 
load-transient 
response. 
The minimum 
load ca- 


pacitance 
is 47 
",F, 
if a solid-tantalum 
capacitor 
with 
an 
equivalent 
series 
resistance 
(ESR) of 0.1fi 
is used. Electro- 


lytic 
capacitors 
work 
as well, 
although 
capacitance 
may 
have to be increased 
to 200 ",F to bring ESR below 
0.1 fi. 


Loop 
stability 
is not the 
only 
concern 
when 
op amps 
are 
operated 
with 
reactive 
loads. 
With 
time-varying 
signals, 


power dissipation 
can also increase 
markedly. 
This is partic- 
ularly 
true 
with 
the 
combination 
of 
capacitive 
loads 
and 
high-frequency 
excitation. 


INPUT COMPENSATION 


The LM12 is prone 
to low-amplitude 
oscillation 
bursts 
com- 


ing out of saturation 
if the high-frequency 
loop gain is near 


unity. The voltage 
follower 
connection 
is most susceptible. 


This glitching 
can be eliminated 
at the expense 
of smail-sig- 


nal bandwidth 
using 
input compensation. 
Input 
compensa- 


tion can also be used in combination 
with LR load isolation 


to improve 
capacitive 
load stability. 
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An example 
of a voltage 
follower 
with input compensation 
is 
shown 
here. The R2C2 combination 
across 
the input works 
with 
Rl 
to 
reduce 
feedback 
at 
high 
frequencies 
without 
greatly 
affecting 
response 
below 
100 kHz. A lead capacitor, 


Cl. 
improves 
phase 
margin 
at the unity-gain 
crossover 
Ire- 
quency. 
Proper 
operation 
requires 
that 
the 
output 
imped- 
ance of the circuitry 
driving 
the follower 
be well under 
1 kfi 


at frequencies 
up to a few hundred 
kilohertz. 
• 


N 
.•..:i 
Application 
Information 
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R3 
5k 


C2 
0.22jJ 
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Extending 
input compensation 
to the integrator 
connection 
is shown 
here. Both the follower 
and this integrator 
will han- 
dle 1 /'oF capacitive 
loading 
without 
LR output 
isolation. 


CURRENT 
DRIVE 
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This 
circuit 
provides 
an output 
current 
proportional 
to the 
input voltage. 
Current 
drive is sometimes 
preferred 
for servo 
motors 
because 
it aids in stabilizing 
the servo loop by reduc- 
ing phase 
lag caused 
by motor 
inductance. 
In applications 
requiring 
high output 
resistance, 
such as operational 
power 
supplies 
running 
in the current 
mode, 
matching 
of the feed- 
back resistors 
to 0.01 % is required. 
Alternately, 
an adjusta- 
ble resistor 
can be used for trimming. 


PARALLEL 
OPERATION 


R4 
0.1 
IN 
OUT 


Rl 
10k 


R5 
0.1 
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Output 
drive 
beyond 
the capability 
of one 
power 
amplifier 
can 
be provided 
as shown 
here. 
The 
power 
op amps 
are 
wired 
as followers 
and connected 
in parallel 
with the out- 
puts 
coupled 
through 
equalization 
resistors. 
A 
standard, 
high-voltage 
op amp is used to provide 
voltage 
gain. Overall 
feedback 
compensates 
for the voltage 
dropped 
across 
the 
equalization 
resistors. 


With parallel 
operation, 
there 
may be an increase 
in unload- 
ed supply 
current 
related 
to the offset 
voltage 
across 
the 


equalization 
resistors. 
More 
output 
buffers, 
with 
individual 
equalization 
resistors, 
may be added 
to meet 
even 
higher 
drive requirements. 
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This connection 
allows 
increased 
output 
capability 
without 
requiring 
a separate 
control 
amplifier. 
The output 
buffer, 
A2' 
provides 
load current 
through 
R5 equal 
to that supplied 
by 
the main amplifier, 
A1. through 
R4. Again. 
more output 
buff- 
ers can be added. 


Current 
sharing 
among 
paralleled 
amplifiers 
can be affected 
by gain error as the power-bandwidth 
limit is approached. 
In 
the first circuit. 
the operating 
current 
increase 
will depend 
upon the matching 
of high-frequency 
characteristics. 
In the 
second 
circuit, 
however. 
the entire input error of A2 appears 
across 
R4 and R5. The supply 
current 
increase 
can cause 
power 
limiting 
to 
be 
activated 
as 
the 
slew 
limit 
is 
ap- 
proached. 
This will not damage 
the LM12. It can be avoided 
in both cases by connecting 
A1 as an inverting 
amplifier 
and 
restricting 
bandwidth 
with C1. 


SINGLE-SUPPLY 
OPERATION 


Although 
op amps are usually 
operated 
from 
dual supplies. 
single-supply 
operation 
is practical. 
This 
bridge 
amplifier 
supplies 
bi-directional 
current 
drive to a servo 
motor 
while 
operating 
from a single positive 
supply. 
The output 
is easily 
converted 
to voltage 
drive 
by shorting 
Rs and connecting 
R7 to the output 
of A2. rather 
than A1. 


Either 
input may be grounded. 
with bi-directional 
drive pro- 
vided to the other. 
It is also possible 
to connect 
one input to 
a positive 
reference. 
with the input signal varying 
about this 
voltage. 
If the reference 
voltage 
is above 5V. R2 and R3 are 
not required. 
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HIGH VOLTAGE 
AMPLIFIERS 
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The voltage 
swing 
delivered 
to the load can be doubled 
by 


using the bridge connection 
shown 
here. Output clamping 
to 


the supplies 
can be provided 
by using a bridge·rectifier 
as- 


sembly. 


TL/H/8704-16 


One limitation 
of the standard 
bridge 
connection 
is that the 


load cannot 
be returned 
to ground. 
This can be circumvent- 


ed by operating 
the bridge with floating 
supplies, 
as shown 


above. 
For single-ended 
drive, 
either 
input can be ground- 


ed. 


Cl 


R2 
C2 
= 
30V 
200p 
R3 
10k 
470 
0.221' 


IN 
Rl 
R6 


1k 
5k 


OUT 


= 
30V 
+ 
- 
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This circuit shows 
how two amplifiers 
can be cascaded 
to double 
output 
swing. The advantage 
over the bridge is that the output 
can be increased 
with any number 
of stages, 
although 
separate 
supplies 
are required 
for each. 


R1 
lk 
0.1% 


Rl0 
R9 
47 
750 
C5 


0.0221' 
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Discrete 
transistors 
can be used to increase 
output drive to ±70V at ± 1OA as shown 
above. With proper thermal 
design. 
the IC 
will provide 
safe-area 
protection 
for the external 
transistors. 
Voltage 
gain is about 
thirty. 


+15V 


R3 
25k 


R7 
12k 
1% 


OUT 


External 
current 
limit can be provided 
for a power op amp as shown 
above. The positive 
and negative 
current 
limits can be set 
precisely 
and independently. 
Fast response 
is assured 
by 01 and 02. Adjustment 
range can be set down to zero with potentiom- 
eters 
Rs and R7. Alternately, 
the limit can be programmed 
from a voltage 
supplied 
to R2 and R6. This is the set up required 
for 
an operational 
power 
supply 
or voltage-programmable 
power 
source. 


SERVO 
AMPLIFIERS 


When 
making 
servo systems 
with a power 
op amp, there 
is 
a temptation 
to use it for frequency 
shaping 
to stabilize 
the 
servo 
loop. 
Sometimes 
this 
works; 
other 
times 
there 
are 
better ways; and occasionally 
it just doesn't 
fly. Usually 
it's a 
matter 
of how qUickly and to what accuracy 
the servo 
must 
stabilize. 


Cl 
5)4 
L! 


R3 
C3 
R5 
Rl 
Ok 
0.22)4 
10k 
10k 
0.1% 
IN 
R4 
lk 


R6 
10k 
0.1% 
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This motor/tachometer 
servo gives an output 
speed propor- 
tional 
to input voltage. 
A low-level 
op amp 
is used for fre- 
quency 
shaping 
while 
the 
power 
op amp 
provides 
current 
drive to the motor. 
Current 
drive eliminates 
loop phase shift 
due to motor 
inductance 
and makes 
high-performance 
ser- 
vos easier 
to stabilize. 
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This 
position 
servo 
uses 
an op amp 
to 
develop 
the 
rate 
signal electrically 
instead 
of using a tachometer. 
In high-per- 


formance 
servos, 
rate signals 
must be developed 
with large 
error signals 
well beyond 
saturation 
of the motor 
drive. 
Us- 
ing a separate 
op amp 
with 
a feedback 
clamp 
allows 
the 
rate 
signal 
to 
be developed 
properly 
with 
position 
errors 
more 
than 
an order 
of magnitude 
beyond 
the 
loop-satura- 
tion level as long as the photodiode 
sensors 
are positioned 
with this in mind. 


Application 
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VOLTAGE 
REGULATORS 


01 
L~385 


2.5V 
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An op amp can be used as a positive 
or negative 
regulator. 


Unlike 
most regulators, 
it can sink current 
to absorb 
energy 


dumped 
back 
into the output. 
This positive 
regulator 
has a 


0-50V 
output 
range. 


01 
LW329 
7V 
R3 
4k 


GNO 
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Dual supplies 
are not required 
to use an op amp as a volt- 


age regulator 
if zero output 
is not required. 
This 4V to 50V 


regulator 
operates 
from a single supply. 
Should 
the op amp 


not be able to absorb 
enough 
energy 
to control 
an overvolt- 


age condition, 
a SCR will crowbar 
the output. 
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Remote 
sensing 
as shown 
above 
allows 
the op amp to cor- 


rect for de drops 
in cables 
connecting 
the 
load. 
Even 
so, 


cable 
drop will affect 
transient 
response. 
Degradation 
can 


be minimized 
by using 
twisted, 
heavy-gauge 
wires 
on the 


output 
line. Normally, 
common 
and one input are connected 


together 
at the sending 
end. 


AUDIO 
AMPLIFIERS 


common 
ground/", 
point -= 
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A 
power 
amplifier 
suitable 
for 
use 
in 
high-quality 
audio 


equipment 
is shown 
above. 
Harmonic 
distortion 
is about 


O.D1-percent. 
Intermodulation 
distortion 
(60 Hz/? 
kHz, 4:1) 


measured 
0.015-percent. 
Transient 
response 
and saturation 


recovery 
are clean, 
and the 9 V/".s 
slew rate of the LM12 


virtually 
eliminates 
transient 
intermodulation 
distortion. 
Us- 


ing 
separate 
amplifiers 
to 
drive 
low- 
and 
high-frequency 


speakers 
gets rid of high-level 
crossover 
networks 
'and at- 


tenuators. 
Further, 
it prevents 
clipping 
on the low-frequency 


channel 
from distorting 
the high frequencies. 
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DETERMINING 
MAXIMUM 
DISSIPATION 


It is a simple 
matter 
to establish 
power 
requirements 
for an 
op amp 
driving 
a resistive 
load at frequencies 
well 
below 
10Hz. 
Maximum 
dissipation 
occurs 
when 
the output 
is at 
one-half 
the 
supply 
voltage 
with 
high-line 
conditions. 
The 
individual 
output 
transistors 
must 
be rated 
to 
handle 
this 
power continuously 
at the maximum 
expected 
case temper- 
ature. 
The power 
rating 
is limited 
by the maximum 
junction 
temperature 
as determined 
by 


TJ = Tc + PDISSOJC, 


where 
TC is the case temperature 
as measured 
at the cen- 
ter of the 
package 
bottom, 
PDISS is the 
maximum 
power 
dissipation 
and 0JC is the thermal 
resistance 
at the operat- 
ing voltage 
of the 
output 
transistor. 
Recommended 
maxi- 
mum junction 
temperatures 
are 200"C within the power tran- 
sistor 
and 150'C 
for the control 
circuitry. 


If there 
is ripple 
on the 
supply 
bus, 
it is valid 
to use the 
average 
value 
in worst-case 
calculations 
as 
long 
as the 
peak 
rating 
of the power 
transistor 
is not exceeded 
at the 
ripple peak. With 120 Hz ripple, this is 1.5 times the continu- 
ous power 
rating. 


Dissipation 
requirements 
are not so easily 
established 
with 
time 
varying 
output 
signals, 
especially 
with 
reactive 
loads. 
Both peak and continuous 
dissipation 
ratings 
must be taken 
into account, 
and these 
depend 
on the signal waveform 
as 
well as load characteristics. 


With 
a sine wave 
output, 
analysis 
is fairly 
straightforward. 
With supply voltages 
of ±Vs, 
the maximum 
average 
power 
dissipation 
of both output 
transistors 
is 


2VS2 
PMAX = ----, 
0 < 40'; 
,,2 ZLCOSO 


PMAX = ~~: [; 
- 
COSO], 
0:;, 40', 


where 
ZL is the magnitude 
of the load impedance 
and 0 its 
phase 
angle. 
Maximum 
average 
dissipation 
occurs 
below 
maximum 
output 
swing for 0 < 40'. 


100 


80 
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60 
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The 
instantaneous 
power 
dissipation 
over 
the 
conducting 
half 
cycle 
of one 
output 
transistor 
is shown 
here. 
Power 
dissipation 
is near zero on the other 
half cycle. 
The output 
level is that resulting 
in maximum 
peak and average 
dissipa- 
tion. Plots are given for a resistive 
and a series RL load. The 
latter is representative 
of a 40 
loudspeaker 
operating 
below 
resonance 
and would 
be the worst 
case 
condition 
in most 


audio applications. 
The peak dissipation 
of each transistor 
is 
about four times average. 
In ac applications, 
power capabili- 
ty is often limited by the peak ratings of the power transistor. 


The 
pulse 
thermal 
resistance 
of the 
LM12 
is specified 
for 
constant 
power pulse duration. 
Establishing 
an exact 
equiv- 
alency 
between 
constant-power 
pulses 
and those 
encoun- 
tered 
in practice 
is not easy. However, 
for sine waves, 
rea- 
sonable 
estimates 
can be made at any frequency 
by assum- 
ing a constant 
power 
pulse amplitude 
given by: 


PPK "" ~~: 
[ 1-cos (</>-0) 
], 


where 
</> = 60' 
and 0 is the absolute 
value 
of the 
phase 
angle of ZL. Equivalent 
pulse width is toN 
"" OAT for 0 = 0 
and toN 
"" 
0.2T for 0 :;, 20', 
where 
T is the period 
of the 
output 
waveform. 


DISSIPATION 
DRIVING 
MOTORS 


A motor 
with a locked 
rotor 
looks 
like an inductance 
in se- 
ries with 
a resistance, 
for 
purposes 
of determining 
driver 
dissipation. 
With slow-response 
servos, 
the maximum 
signal 
amplitude 
at frequencies 
where 
motor 
inductance 
is signifi- 
cant can be so small that motor 
inductance 
does 
not have 
to be taken 
into account. 
If this is the case, 
the motor 
can 
be treated 
as a simple, 
resistive 
load as long as the 
rotor 
speed 
is low enough 
that the back emf is small by compari- 
son to the supply voltage 
of the driver transistor. 


A permanent-magnet 
motor 
can build up a back emf that is 
equal to the output 
swing of the op amp driVing it. Reversing 
this motor 
from full speed 
requires 
the output 
drive transis- 
tor to operate, 
initially, 
along a loadline 
based 
upon the mo- 
tor 
resistance 
and 
total 
supply 
voltage. 
Worst 
case, 
this 
loadline 
will 
have 
to 
be within 
the 
continuous 
dissipation 
rating of the drive transistor; 
but system 
dynamics 
may per- 
mit taking 
advantage 
of the higher 
pulse 
ratings. 
Motor 
in- 
ductance 
can 
cause 
added 
stress 
if system 
response 
is 
fast. 


Shunt- 
and series-wound 
motors 
can generate 
back 
emf's 
that 
are considerably 
more 
than 
the 
total 
supply 
voltage, 
resulting 
in even higher 
peak dissipation 
than a permanent- 
magnet 
motor 
having 
the same locked-rotor 
resistance. 


VOLTAGE 
REGULATOR 
DISSIPATION 


The pass transistor 
dissipation 
of a voltage 
regulator 
is easi- 
ly determined 
in the operating 
mode. 
Maximum 
continuous 
dissipation 
occurs 
with high line voltage 
and maximum 
load 
current. 
As discussed 
earlier, 
ripple 
voltage 
can 
be aver- 
aged 
if peak 
ratings 
are not exceeded; 
however, 
a higher 
average 
voltage 
will be required 
to insure that the pass tran- 
sistor does not saturate 
at the ripple 
minimum. 


Conditions 
during start-up 
can be more complex. 
If the input 
voltage 
increases 
slowly such that the regulator 
does not go 
into current 
limit charging 
output 
capacitance, 
there 
are no 
problems. 
If not, load capacitance 
and load characteristics 
must be taken into account. 
This is also the case if automat- 
ic restart 
is required 
in recovering 
from 
overloads. 


Automatic 
restart 
or start-up 
with 
fast-rising 
input voltages 
cannot 
be guaranteed 
unless the continuous 
dissipation 
rat- 
ing of the 
pass 
transistor 
is adequate 
to supply 
the 
load 
current 
continuously 
at all voltages 
below the regulated 
out- 
put voltage. 
In this regard, 
the LM12 
performs 
much better 
than 
IC regulators 
using 
fold back 
current 
limit, 
especially 
with high-line 
input voltage 
above 
20V. 
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Should the power ratings of the LM12 be exceeded, dynam- 
ic safe-area protection is activated. Waveforms with this 
power limiting are shown for the LM12 driving ±26V at 
30 Hz into 3n in series with 24 mH (8 = 4S0).With an 
inductive load, the output clamps to the supplies in power 
limit, as above. With resistive loads, the output voltage 
drops in limit. Behavior with more complex RCL loads is 
between these extremes. 


Secondary thermal limit is activated should the case tem- 
perature exceed 1S0°C.This thermal limit shuts down the IC 
completely (open output) until the case temperature drops 
to about 14SoC.Recovery may take several seconds. 


POWER 
SUPPLIES 


Power op amps do not require regulated supplies. However, 
the worst-case output power is determined by the low-line 
supply voltage in the ripple trough. The worst-case power 
dissipation is established by the average supply voltage with 
high-line conditions. The loss in power output that can be 
guaranteed is the square of the ratio of these two voltages. 


Relatively simple off-line switching power supplies can pro- 
vide voltage conversion. line isolation and S-percent regula- 
tion while reducing size and weight. 


The regulation against ripple and line variations can provide 
a substantial increase in the power output that can be guar- 
anteed under worst-case conditions. In addition, switching 
power supplies can convert low-voltage power sources 
such as automotive batteries up to regulated, dual, high- 
voltage supplies optimized for powering power op amps. 


HEAT SINKING 
A semiconductor manufacturer has no control over heat 
sink design. Temperature rating can only be based upon 
case temperature as measured at the center of the package 
bottom. With power pulses of longer duration than 100 ms, 


case temperature is almost entirely dependent on heat sink 
design and the mounting of the IC to the heat sink. 
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The design of heat sink is beyond the scope of this work. 
Convection-cooled heat sinks are available commercially, 
and their manufacturers should be consulted for ratings. 
The preceding figure is a rough guide for temperature rise 
as a function of fin area (both sides) available for convection 
cooling. 


Proper mounting of the IC is required to minimize the ther- 
mal drop between the package and the heat sink. The heat 
sink must also have enough metal under the package to 
conduct heat from the center of the package bottom to the 
fins without excessive temperature drop. 
A thermal grease such as Wakefield type 120 or Thermalloy 
Thermacote should be used when mounting the package to 
the heat sink. Without this compound, thermal resistance 
will be no better than O.soC/W, and probably much worse. 
With the compound, thermal resistance will be O.2"C/W or 
less, assuming under O.OOSinch combined flatness runout 
for the package and heat sink. Proper torquing of the 
mounting bolts is important. Four to six inch-pounds is rec- 
ommended. 


Should it be necessary to isolate V- 
from the heat sink, an 


insulating washer is required. Hard washers like berylium 
oxide, anodized aluminum and mica require the use of ther- 
mal compound on both faces. Two-mil mica washers are 
most common, giving about OAoC/W 
interface resistance 


with the compound. Silicone-rubber washers are also avail- 
able. A O.soC/Wthermal resistance is claimed without ther- 
mal compound. Experience has shown that these rubber 
washers deteriorate and must be replaced should the IC be 
dismounted. 


"Isostrate" inSUlatingpads for four-lead TO-3 packages are 
available from Power Devices, Inc. Thermal grease is not 
required, and the insulators should not be reused. 


III 


N.•.. 
:5 
Definition of Terms 
Input offset voltage: The 
absolute 
value 
of the 
voltage 
between 
the input terminals 
with the output voltage 
and cur- 
rent at zero. 
Input bias current: The absolute 
value 
of the average 
of 
the two input currents 
with the output voltage 
and current 
at 
zero. 
Input offset current: The absolute 
value 
of the difference 
in the two input currents 
with the output 
voltage 
and current 
at zero. 
Common-mode rejection: The 
ratio 
of the 
input 
voltage 
range 
to 
the 
change 
in offset 
voltage 
between 
the 
ex- 
tremes. 
Supply-voltage rejection: The 
ratio 
of the 
specified 
sup- 
ply-voltage 
change 
to the change 
in offset 
voltage 
between 
the extremes. 
Output saturation threshold: The output 
swing 
limit for a 
specified 
input drive beyond 
that required 
for zero output. 
It 
is measured 
with respect 
to the supply to which the output is 
swinging. 
Large signal voltage gain: The ratio of the output 
voltage 
swing 
to the differential 
input voltage 
required 
to drive the 
output 
from zero to either swing limit. The output 
swing limit 
is the supply 
voltage 
less a specified 
quasi-saturation 
volt- 
age. A pulse 
of short 
enough 
duration 
to minimize 
thermal 
effects 
is used as a measurement 
signal. 


Thermal gradient feedback: 
The 
input 
offset 
voltage 
change 
caused 
by thermal 
gradients 
generated 
by heating 
of the output 
transistors, 
but not the package. 
This effect 
is 
delayed 
by several 
milliseconds 
and 
results 
in increased 
gain error below 
100 Hz. 
Output-current limit:The output 
current 
with a fixed output 
voltage 
and 
a large 
input 
overdrive. 
The 
limiting 
current 
drops 
with time once the protection 
circuitry 
is activated. 


Power dissipation rating: The power 
that can be dissipat- 
ed for a specified 
time interval 
without 
activating 
the protec- 
tion circuitry. 
For time intervals 
in excess 
of 100 ms, dissipa- 
tion capability 
is determined 
by heat sinking 
of the IC pack- 
age rather than 
by the IC itself. 


Thermal resistance: The 
peak, 
junction-temperature 
rise, 
per unit of internal 
power 
dissipation, 
above 
the case 
tem- 
perature 
as measured 
at the center 
of the package 
bot1om. 


The dc thermal 
resistance 
applies 
when 
one output 
transis- 
tor is operating 
continuously. 
The ac thermal 
resistance 
ap- 
plies with the output 
transistors 
conducting 
alternately 
at a 
high enough 
frequency 
that 
the 
peak 
capability 
of neither 
transistor 
is exceeded. 
Supply current: The 
current 
required 
from 
the 
power 
source 
to operate 
the amplifier 
with the output 
voltage 
and 
current 
at zero. 


! 13 
14! 
80}" 
1m 
R16 
1 


R1 
3k 
R3 
+ 
01 
5k 
"014 


01 
04 
IN 


R2 
R13 
R15 


3k 
05 
200 
0.15 


02 
OUT 


02 
06 
R12 
R14 
200 
0.15 


07 


013 


11! 
12 
15}" 
15}"! 


tJ1National 
Semiconductor 


General Description 


The 
LM628/LM629 
are 
dedicated 
motion-control 
proces- 


sors designed 
for use with a variety 
of DC and brush less DC 


servo 
motors, 
and other 
servomechanisms 
which 
provide 
a 


quadrature 
incremental 
position 
feedback 
signal. The parts 


perform 
the 
intensive, 
real-time 
computational 
tasks 
re- 


quired 
for high performance 
digital 
motion 
control. 
The host 


control 
software 
interface 
is facilitated 
by a high-level 
com- 
mand 
set. The 
LM628 
has an 8-bit output 
which 
can drive 


either an 8-bit or a 12-bit DAC. The components 
required 
to 


build a servo system 
are reduced 
to the DC motor/actuator, 
an incremental 
encoder, 
a DAC, a power 
amplifier, 
and the 
LM628. 
An 
LM629-based 
system 
is similar, 
except 
that 
it 


provides 
an 8-bit PWM output for directly 
driving 
H-switches. 
The parts are fabricated 
in NMOS 
and packaged 
in a 28-pin 


dual 
in-line 
package 
or a 24-pin 
surface 
mount 
package 


(LM629 
only). 
Both 6 MHz and 8 MHz maximum 
frequency 


versions 
are available 
with 
the suffixes 
-6 and -8, respec- 
tively, 
used to designate 
the versions. 
They 
incorporate 
an 


SDA core processor 
and cells 
designed 
by SDA. 


Features 


• 
32-bit 
position, 
velocity, 
and acceleration 
registers 


• 
Programmable 
digital 
PID filter with 
16-bit coefficients 


• 
Programmable 
derivative 
sampling 
interval 


• 
8- or 12-bit 
DAC output 
data 
(LM628) 


• 
8-bit sign-magnitude 
PWM output 
data (LM629) 


• 
Internal 
trapezoidal 
velocity 
profile 
generator 


• 
Velocity, 
target 
position, 
and 
filter 
parameters 
may 
be 
changed 
during 
motion 


• 
Position 
and velocity 
modes 
of operation 


• 
Real-time 
programmable 
host interrupts 


• 
8-bit parallel 
asynchronous 
host interface 


• 
Quadrature 
incremental 
encoder 
interface 
with 
index 


pulse 
input 


• 
Available 
in a 28-pin 
dual 
in-line 
package 
or a 24-pin 


surface 
mount 
package 
(LM629 
only) 


TLIH/9219-1 


FIGURE 
1. Typical 
System 
Block Diagram 


Connection 
Diagrams 


LM628N 
LM629N 
LM629M 


iN 
1 
28 
voo 
iN 
1 
28 
VDD 
'NC 
24 
D3 


;. 
2 
27 
RSf 
;. 
2 
27 
RSf 
D2 
23 
D4 


B 
3 
26 
CLK 
B 
3 
26 
CLK 
Dl 
22 
D5 


D7 
4 
25 
D;'CO 
D7 
4 
25 
NC 
DD 
21 
D6 
DB 
5 
24 
DACI 
D6 
5 
24 
NC 
CS 
20 
D7 
os 
6 
23 
DAC2 
D5 
6 
23 
NC 


D4 
7 
22 
DAC3 
D4 
7 
22 
NC 
RD 
19 


D3 
8 
21 
D;.C4 
D3 
8 
21 
NC 
GND 
18 


D2 
9 
20 
D;'CS 
D2 
9 
2D 
NC 
WR 
17 
iN 


Dl 
10 
19 
D;'C6 
Dl 
10 
19 
PW~ 
~;'G 
PS 
16 
VDD • 


DO 
11 
18 
DAC7 
DO 
11 
18 
PW~ 
SIGN 
HI 
10 
IS 
RST 
cs 
12 
17 
HI 
cs 
12 
17 
HI 
PW~ 
SIGN 
11 
14 
CLK 


RD 
13 
16 
PS 
RD 
13 
16 
PS 
'NC 
ViR 


12 
13 
PW~ 
~AG 


GND 
14 
15 
DND 
14 
15 
ViR 


TLIH/9219-2 
TL/H/9219-3 
• Do not connect. 
TL/H/9219-21 


Order 
Number 
LM629M-6, 
LM629M·8, 
LM628N·6, 
LM628N-8, 
LM629N-6 
or LM629N·8 
See NS Package 
Number 
M24B or N28B 
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Absolute Maximum Ratings 
(Note 1) 
Operating Ratings 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Temperature 
Range 
-40'C 
< TA < +85'C 


please 
contact 
the 
National 
Semiconductor 
Sales 
Clock 
Frequency: 


Office/Distributors 
for availability 
and specifications. 
LM628N-6, 
LM629N-6, 


Voltage 
at Any Pin with 
LM629M-6 
1.0 MHz < fCLK < 6.0 MHz 


Respect 
to GND 
-0.3Vto 
+7.0V 
LM628N-8, 
LM629N-8, 


Ambient 
Storage 
Temperature 
- 65'C to + 150'C 
LM629M-8 
1.0 MHz < fCLK < 8.0 MHz 


Lead Temperature 
VDD Range 
4.5V < VDD < 5.5V 


28-pin 
Dual In-Line 


Package 
(Soldering, 
4 sec.) 
260'C 


24-pin 
Surface 
Mount 
Package 
(Soldering, 
10 sec.) 
300'C 


Maximum 
Power Dissipation 
(TA ,;; 85'C, 
Note 2) 
605mW 


ESD Tolerance 


(CZAP = 120 pF, RZAP = 1.5k) 
2000V 


DC Electrical Characteristics 
(VDD and TAper 
Operating 
Ratings; 
fCLK = 6 MHz) 


Symbol 
Parameter 
Conditions 
Tested 
Limits 
Units 
Mln 
Max 


IDD 
Supply Current 
Outputs 
Open 
110 
mA 


INPUT 
VOLTAGES 


VIH 
Logic 1 Input Voltage 
2.0 
V 


VIL 
Logic 0 Input Voltage 
0.8 
V 


IIN 
Input Currents 
0,;; 
VIN';; 
VDD 
-10 
10 
/-'A 


OUTPUT 
VOLTAGES 


VOH 
Logic 1 
IOH = -1.6mA 
2.4 
V 


VOL 
Logic 0 
IOL = 1.6 mA 
0.4 
V 


lOUT 
TR I-ST ATE<8>Output 
Leakage 
Current 
0,;; 
VOUT';; 
VDD 
-10 
10 
/-'A 


AC Electrical Characteristics 
(VDD and TAper 
Operating 
Ratings; 
fCLK = 6 MHz; CLOAD = 50 pF; Input Test Signal tr = tf = 10 ns) 


Timing 
Interval 
T# 
Tested 
Limits 
Units 
Min 
Max 


ENCODER 
AND INDEX TIMING 
(See Figure 2) 


Motor-Phase 
Pulse Width 
T1 
16 
- 
/-,S 
fCLK 


Dwell-Time 
per State 
T2 
8 
- 
/-,S 


fCLK 


Index Pulse Setup and Hold 
T3 
0 
(Relative 
to A and BLow) 


/-,S 


CLOCK 
AND RESET TIMING 
(See Figure 3) 


Clock 
Pulse Width 


LM628N-6, 
LM629N-6, 
LM629M-6 
T4 
78 
ns 


LM628N-8, 
LM629N-8, 
LM629M-8 
T4 
57 
ns 


Clock Period 


LM628N·6, 
LM629N-6, 
LM629M-6 
T5 
166 
ns 
LM628N-8, 
LM629N-8, 
LM629M-8 
T5 
125 
, 
ns 


Reset Pulse Width 
T6 
8 


fCLK 


/-,S 


AC Electrical Characteristics 
(Continued) 


(VDD and TAper 
Operating 
Ratings; 
fCLK = 6 MHz; CLOAD = 50 pF; Input Test Signal tr = tf = 10 ns) 


T# 
Tested 
Limits 
Units 
Timing 
Interval 
Min 
Max 


STATUS 
BYTE READ TIMING 
(See Figure 4) 


Chip-Select 
Setup/Hold 
Time 
T7 
0 
- 
ns 


Port-Select 
Setup Time 
T8 
30 
ns 


Port-Select 
Hold Time 
T9 
30 
ns 


Read Data Access 
Time 
T10 
180 
ns 


Read Data Hold Time 
T11 
0 
ns 


RD High to Hi-Z Time 
T12 
180 
ns 


COMMAND 
BYTE WRITE 
TIMING 
(See Figure 5) 


Chip-Select 
Setup/Hold 
Time 
T7 
0 
ns 


Port-Select 
Setup Time 
T8 
30 
ns 


Port-Select 
Hold Time 
T9 
30 
ns 


Busy Bit Delay 
T13 
(Note 3) 
ns 


WR Pulse Width 
T14 
100 
ns 


Write Data Setup Time 
T15 
50 
ns 


Write Data Hold Time 
T16 
120 
ns 


DATA WORD 
READ TIMING 
(See Figure 6) 


Chip-Select 
Setup/Hold 
Time 
T7 
0 
ns 


Port-Select 
Setup Time 
T8 
30 
ns 


Port-Select 
Hold Time 
T9 
30 
ns 


Read Data Access 
Time 
T10 
180 
ns 


Read Data Hold Time 


I 
T11 
0 
ns 


RD High to Hi-Z Time 
T12 
180 
ns 


Busy Bit Delay 
T13 
(Note 3) 
ns 


Read Recovery 
Time 
T17 
120 
ns 


DATA WORD 
WRITE 
TIMING 
(See Figure 7) 


Chip-Select 
Setup/Hold 
Time 
T7 
0 
~ 
ns 


Port-Select 
Setup Time 
T8 
30 
ns 


Port-Select 
Hold Time 
T9 
30 
ns 


Busy Bit Delay 
T13 
(Note 3) 
ns 


WR Pulse Width 
T14 
100 
ns 


Write Data Setup Time 
T15 
50 
ns 


Write Data Hold Time 
T16 
120 
ns 


Write Recovery 
Time 
T18 
120 
ns 


Note 
1: Absolute 
Maximum 
Ratings indicate limits beyond which damage 
to the device may occur. DC and AC electrical 
specifications 
do not apply when operating 
the device beyond the above Operating Ratings. 


Note 2: When operating at ambient temperatures above 700C, the device must be protected against excessive junction temperatures. Mounting the package on a 
printed circuit board having an area greater than three square inches and surrounding the leads and body with wide copper traces and large, uninterrupted 
areas of 
copper, such as a ground plane, suffices. The 28-pin DIP (N) and the 24-pin surface mount package 
(M) are molded plastic packages 
with solid copper lead frames. 


Most of the heat generated 
at the die flows from the die, through the copper lead frame, and into copper traces on the printed circuit board. The copper traces act 


as a heat sink. Double·sided 
or multi-layer 
boards provide heat transfer 
characteristics 
superior to those of single-sided 
boards. 


Note 
3: In order to read the busy bit, the status byte must first be read. The time required to read the busy bit far exceeds 
the time the chip requires to set the busy 
bit. It is, therefore, 
impossible 
to test actual busy bit delay. The busy bit is guaranteed 
to be valid as soon as the user is able to read it. 
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Pinout Description 


(See Connection 
Diagrams) 
Pin numbers 
for the 24-pin 
sur- 


face 
mount 
package 
are indicated 
in parentheses. 


Pin 1 (17), Index 
(IN) Input: 
Receives 
optional 
index pulse 
from 
the encoder. 
Must be tied high if not used. The index 
position 
is read when 
Pins 1, 2, and 3 are low. 


Pins 
2 and 
3 (18 and 
19), Encoder 
Signal 
(A, B) Inputs: 
Receive 
the two-phase 
quadrature 
signals 
provided 
by the 
incremental 
encoder. 
When the motor is rotating 
in the posi- 
tive ("forward") 
direction, 
the signal at Pin 2 leads the signal 


at Pin 3 by 90 degrees. 
Note that the signals 
at Pins 2 and 3 
must 
remain 
at each 
encoder 
state 
(See 
Figure 
9) 
for a 
minimum 
of 8 clock 
periods 
in order 
to be recognized. 
Be- 


cause 
of a four-to-one 
resolution 
advantage 
gained 
by the 
method 
of decoding 
the 
quadrature 
encoder 
signals, 
this 
corresponds 
to a maximum 
encoder-state 
capture 
rate of 


1.0 MHz (fCLK = 8.0 MHz) or 750 kHz (fCLK = 6.0 MHz). 
For other 
clock 
frequencies 
the encoder 
signals 
must also 
remain 
at each state a minimum 
of 8 clock 
periods. 


Pins 
4 to 
11 (20 to 24 and 
2 to 4), Host 
I/O 
Port 
(DO to 
07): Bi-directional 
data port which connects 
to host comput- 
er/processor. 
Used for writing 
commands 
and data 
to the 
LM628, 
and for reading 
the status 
byte and data from 
the 
LM628, 
as controlled 
by CS (Pin 12), PS (Pin 16), RD (Pin 
13), and WR (Pin 15). 


Pin 
12 (5), 
Chip 
Select 
(CS) 
Input: 
Used 
to 
select 
the 


LM628 
for writing 
and reading 
operations. 


Pin 13 (6), Read 
(RD) Input: 
Used to read status 
and data. 


Pin 14 (7), Ground 
(GND): 
Power-supply 
return 
pin. 


Pin 15 (8), Write 
(WR) Input: 
Used to write commands 
and 
data. 


Pin 
16 (9), 
Port 
Select 
(PS) 
Input: 
Used 
to select 
com- 


mand 
or data 
port. Selects 
command 
port when 
low, data 
port when 
high. The following 
modes 
are controlled 
by Pin 
16: 


1. Commands 
are written 
to the command 
port (Pin 16 low), 


2. Status 
byte is read from command 
port (Pin 16 low), and 


3. Data is written 
and read via the data port (Pin 16 high). 


Pin 
17 (10), 
Host 
Interrupt 
(HI) 
Output: 
This active-high 


signal 
alerts 
the 
host 
(via a host 
interrupt 
service 
routine) 


that an interrupt 
condition 
has occurred. 


Pins 
18 to 
25, DAC 
Port 
(DACO 
to 
DAC7): 
Output 
port 
which 
is used in three 
different 
modes: 


1. LM628 
(8-bit 
output 
mode): 
Outputs 
latched 
data 
to the 
DAC. The MSB is Pin 18 and the LSB is Pin 25. 


2. LM628 
(12-bit 
output 
mode): 
Outputs 
two, 
multiplexed 
6-bit words. 
The less-significant 
word 
is output 
first. The 
MSB is on Pin 18 and the LSB is on Pin 23. Pin 24 is used 
to demultiplex 
the words; 
Pin 24 is low for the less-signifi- 


cant 
word. 
The positive-going 
edge 
of the signal 
on Pin 
25 is used to strobe 
the output 
data. Figure 
8 shows 
the 
timing 
of the multiplexed 
signals. 


3. LM629 
(sign/magnitude 
outputs): 
Outputs 
a PWM 
sign 
signal on Pin 18 (11 for surface 
mount), 
and a PWM mag- 
nitude signal on Pin 19 (13 for surface 
mount). 
Pins 20 to 
25 are not used in the LM629. 
Figure 
11 shows 
the PWM 
output 
signal format. 


Pin 26 (14), Clock 
(CLK) 
Input: 
Receives 
system 
clock. 


Pin 27 (15), 
Reset 
(RST) 
Input: 
Active-low, 
positive-edge 
triggered, 
resets the LM628 to the internal 
conditions 
shown 
below. 
Note 
that 
the 
reset 
pulse 
must 
be logic 
low for a 
minimum 
of 8 clock 
periods. 
Reset 
does the following: 


1. Filter coefficient 
and trajectory 
parameters 
are zeroed. 


2. Sets 
position 
error 
threshold 
to 
maximum 
value 
(7FFF 
hex), and effectively 
executes 
command 
LPEI. 


3. The SBPA/SBPR 
interrupt 
is masked 
(disabled). 


4. The five other 
interrupts 
are unmasked 
(enabled). 


5. Initializes 
current 
position 
to zero, or "home" 
position. 


6. Sets derivative 
sampling 
interval 
to 2048/fCLK 
or 256 /'os 
for an 8.0 MHz clock. 


7. DAC port 
outputs 
800 
hex to "zero" 
a 12-bit 
DAC and 
then reverts 
to 80 hex to "zero" 
an 8-bit DAC. 


Immediately 
after 
releasing 
the 
reset 
pin from 
the 
LM628, 


the status 
port should 
read '00'. 
If the reset 
is successfully 
completed, 
the status 
word 
will change 
to hex '84' 
or 'C4' 


within 
1.5 ms. If the status 
word 
has not changed 
from 
hex 


'DO' to '84' or 'C4' within 
1.5 ms, perform 
another 
reset and 
repeat 
the 
above 
steps. 
To be certain 
that 
the 
reset 
was 
properly 
performed, 
execute 
a RSTI 
command. 
If the chip 
has reset properly, 
the status 
byte will change 
from hex '84' 


or 'C4' 
to hex '80' 
or 'CO'. If this 
does 
not occur, 
perform 
another 
reset and repeat 
the above 
steps. 


Pin 28 (16), 
Supply 
Voltage 
(Voo): 
Power 
supply 
voltage 
(+5V). 


TABLE 
I. System 
Specifications 
Summary 


-1,073,741,824 
to 1,073,741,823 
counts 


o to 1,073,741,823/216 
counts/sample; 
ie, 0 to 16,383 counts/sample, 
with a resolution 
of 1/216 


counts/ 
sample 
o to 1,073,741,823/216 
counts/ 
sample/ 
sample; 
ie, 0 to 16,383 counts/ 
sample/ 
sample, 
with a 
resolution 
of 1/216 counts/sample/sample 


LM628: 8-bit parallel 
output to DAC, or 12-bit multiplexed 
output to DAC 


LM629: 
8-bit PWM sign/magnitude 
signals 


Position 
and Velocity 


Incremental 
Encoder 
(quadrature 
signals; 
support 
for index pulse) 


Proportional 
Integral 
Derivative 
(PID) (plus programmable 
integration 
limit) 


Derivative 
Term: Programmable 
from 2048/fCLK 
to (2048 • 256)/fCLK 
in steps of 2048/fCLK 
(256 
to 65,536 
I-'s for an 8.0 MHz clock). 


Proportional 
and Integral: 
2048/fCLK 


Theory of Operation 


INTRODUCTION 


The typical 
system 
block 
diagram 
(See Figure 
1) illustrates 
a servo 
system 
built using the LM628. 
The host processor 
communicates 
with the LM628 
through 
an I/O port to facili- 
tate programming 
a trapezoidal 
velocity 
profile 
and a digital 
compensation 
filter. The DAC output 
interfaces 
to an exter- 
nal digital-to-analog 
converter 
to produce 
the signal 
that is 
power 
amplified 
and applied 
to the 
motor. 
An incremental 
encoder 
provides 
feedback 
for 
closing 
the 
position 
servo 
loop. 
The 
trapezoidal 
velocity 
profile 
generator 
calculates 
the required 
trajectory 
for either position 
or velocity 
mode of 
operation. 
In operation, 
the LM628 
subtracts 
the actual 
po- 
sition 
(feedback 
position) 
from 
the desired 
position 
(profile 
generator 
position), 
and the resulting 
position 
error 
is pro- 
cessed 
by the digital 
filter to drive the motor 
to the desired 
position. 
Table 
I prOVides a brief summary 
of specifications 
offered 
by the LM628/LM629: 


POSITION 
FEEDBACK 
INTERFACE 


The LM628 
interfaces 
to a motor via an incremental 
encod- 
er. Three 
inputs 
are provided: 
two quadrature 
signal inputs, 


Position 
Range 


Velocity 
Range 


Operating 
Modes 


Feedback 
Device 


Control 
Algorithm 


Sample 
Intervals 


and an index 
pulse 
input. The quadrature 
signals 
are used 
to keep 
track 
of the absolute 
position 
of the 
motor. 
Each 
time 
a logic transition 
occurs 
at one 
of the quadrature 
in- 
puts, the LM628 
internal 
position 
register 
is incremented 
or 
decremented 
accordingly. 
This provides 
four times the reso- 
lution 
over 
the 
number 
of lines 
provided 
by the 
encoder. 
See Figure 9. Each of the encoder 
signal inputs 
is synchro- 
nized with the LM628 
clock. 


The optional 
index pulse output 
provided 
by some encoders 
assumes 
the 
logic-low 
state 
once 
per 
revolution. 
If the 
LM628 
is so programmed 
by the user, it will record 
the ab- 
solute 
motor 
position 
in a dedicated 
register 
(the index reg- 
ister) at the time when all three encoder 
inputs are logic low. 


If the encoder 
does not provide 
an index output, 
the LM628 
index input can also be used to record 
the home position 
of 
the 
motor. 
In this 
case, 
typically, 
the 
motor 
will 
close 
a 
switch 
which 
is arranged 
to cause 
a logic-low 
level 
at the 
index input, and the LM628 
will record 
motor 
position 
in the 
index 
register 
and alert 
(interrupt) 
the host processor. 
Per- 
manently 
grounding 
the index input will cause the LM628 
to 
malfunction. 
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The trapezoidal 
velocity 
profile 
generator 
computes 
the de- 
sired position 
of the motor versus time. In the position 
mode 
of 
operation, 
the 
host 
processor 
specifies 
acceleration, 
maximum 
velocity, 
and final 
position. 
The LM628 
uses this 
information 
to affect 
the move by accelerating 
as specified 
until the maximum 
velocity 
is reached 
or until deceleration 
must begin to stop at the specified 
final position. 
The decel- 
eration 
rate 
is equal 
to the 
acceleration 
rate. At any time 
during 
the 
move 
the 
maximum 
velocity 
and/or 
the 
target 
position 
may be changed, 
and the motor 
will accelerate 
or 
decelerate 
accordingly. 
Figure 
10 illustrates 
two typical trap- 


ezoidal 
velocity 
profiles. 
Figure 
10 (a) shows 
a simple trape- 
zoid, while Figure 
10 (b) is an example 
of what the trajectory 
looks 
like when 
velocity 
and position 
are changed 
at differ- 


ent times 
during 
the move. 


When operating 
in the velocity 
mode, the motor accelerates 
to the 
specified 
velocity 
at the 
specified 
acceleration 
rate 
and 
maintains 
the 
specified 
velocity 
until 
commanded 
to 
stop. 
The velocity 
is maintained 
by advancing 
the desired 
position 
at a constant 
rate. If there 
are disturbances 
to the 


motion 
during 
velocity 
mode 
operation, 
the long-time 
aver- 
age 
velocity 
remains 
constant. 
If the 
motor 
is unable 
to 
maintain 
the specified 
velocity 
(which 
could 
be caused 
by a 
locked 
rotor, for example), 
the desired 
position 
will continue 


to be increased, 
resulting 
in a very large position 
error. If this 


condition 
goes 
undetected, 
and the impeding 
force 
on the 
motor 
is subsequently 
released, 
the 
motor 
could 
reach 
a 
very high velocity 
in order to catch 
up to the desired 
position 
(which is still advancing 
as specified). 
This condition 
is easi- 


ly detected; 
see commands 
LPEI and LPES. 


All 
trajectory 
parameters 
are 
32-bit 
values. 
Position 
is a 
signed 
quantity. 
Acceleration 
and velocity 
are specified 
as 
16-bit, positive-only 
integers 
having 
16·bit fractions. 
The in- 
teger 
portion 
of velocity 
specifies 
how 
many 
counts 
per 
sampling 
interval 
the motor will traverse. 
The fractional 
por- 
tion designates 
an additional 
fractional 
count 
per sampling 
interval. 
Although 
the 
position 
resolution 
of the 
LM628 
is 
limited 
to integer 
counts, 
the 
fractional 
counts 
provide 
in- 


creased 
average 
velocity 
resolution. 
Acceleration 
is treated 
in the same manner. 
Each sampling 
interval 
the command- 
ed acceleration 
value is added to the current 
desired 
veloci- 
ty to generate 
a new desired 
velocity 
(unless 
the command 
velocity 
has been reached). 


One 
determines 
the 
trajectory 
parameters 
for 
a desired 
move 
as follows. 
If, for example, 
one 
has a SOD-line shaft 
encoder, 
desires 
that the motor accelerate 
at one revolution 
per second 
per second 
until 
it is moving 
at 600 
rpm, 
and 
then 
decelerate 
to a stop at a position 
exactly 
100 revolu- 


tions 
from 
the start, 
one would 
calculate 
the trajectory 
pa- 
rameters 
as follows: 
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let 
P = target 
position 
(units = encoder 
counts) 


let 
R = encoder 
lines· 
4 (system 
resolution) 


then 
R = 500 • 4 = 2000 


and 
P = 2000 
• desired 
number 
of revolutions 


P = 
2000 
• 
100 
revs = 
200,000 
counts 
(value 
to 
load) 


P (coding) 
= 00030D40 
(hex code written 
to LM628) 


let 
V = velocity 
(units = counts/sample) 


let 
T = sample 
time 
(seconds) 
= 341 
p's (with 
6 MHz 
clock) 


let 
C = conversion 
factor = 1 minute/60 
seconds 


then 
V = R • T • C • desired 
rpm 


and 
V = 2000· 
341E-6 
·1/60·600 
rpm 


V = 6.82 counts/sample 


V (scaled) 
= 6.82 • 65,536 = 446,955.52 


V (rounded) 
= 446,956 
(value to load) 


V (coding) 
= 0006D1 EC (hex code written 
to LM628) 


let 
A = acceleration 
(units = counts/sample/sample) 


A = R • T • T • desired 
acceleration 
(rev/see/see) 


then 
A = 2000· 
341E-6 
• 341E-6· 
1 rev/see/see 


and 
A = 2.33E-4 
counts/sample/sample 


A (scaled) 
= 2.33E-4 
• 65,536 = 15.24 


A (rounded) 
= 15 (value to load) 


A (coding) 
= OOOOOOOF (hex code written 
to LM628) 


The above 
position, 
velocity, 
and acceleration 
values 
must 
be converted 
to binary codes 
to be loaded 
into the LM628. 


The 
values 
shown 
for 
velocity 
and 
acceleration 
must 
be 
multiplied 
by 65,536 
(as shown) 
to adjust 
for the required 
integer/fraction 
format 
of the 
input 
data. 
Note 
that 
after 
scaling 
the velocity 
and acceleration 
values, 
literal fractional 
data cannot 
be loaded; 
the data must be rounded 
and con- 
verted 
to binary. The factor 
of four increase 
in system 
reso- 
lution 
is due to the method 
used to decode 
the quadrature 
encoder 
signals, 
see Figure 
9. 


PID COMPENSATION 
FILTER 


The 
LM628 
uses 
a digital 
Proportional 
Integral 
Derivative 
(PID) 
filter 
to compensate 
the 
control 
loop. 
The 
motor 
is 
held at the desired 
position 
by applying 
a restoring 
force 
to 
the motor 
that is proportional 
to the position 
error, plus the 
integral 
of the 
error, 
plus 
the 
derivative 
of the 
error. 
The 
following 
discrete-time 
equation 
illustrates 
the control 
per- 
formed 
by the LM628: 
n 


u(n) = kp·e(n) 
+ kiL 
e(n) + 


N~O 


kd[e(n') 
- 
e(n' 
- 
1)) 
(Eq.1) 


where 
u(n) is the motor 
control 
signal output 
at sample 
time 
n, e(n) is the position 
error at sample 
time n, n' indi- 
cates 
sampling 
at the derivative 
sampling 
rate, and 
kp, ki, and kd are the discrete-time 
filter parameters 
loaded 
by the users. 


The 
first 
term, 
the 
proportional 
term, 
provides 
a restoring 
force 
porportional 
to the position 
error, just as does a spring 
obeying 
Hooke's 
law. 
The 
second 
term, 
the 
integration 
term, 
provides 
a restoring 
force 
that 
grows 
with time, 
and 
thus ensures 
that the static 
position 
error is zero. If there 
is 


a constant 
torque 
loading, 
the 
motor 
will 
still 
be able 
to 
achieve 
zero position 
error. 


The third term, the derivative 
term, provides 
a force 
propor- 
tional 
to the rate of change 
of position 
error. 
It acts just like 
viscous 
damping 
in a damped 
spring and mass system 
(like 
a shock 
absorber 
in an automobile). 
The sampling 
interval 
associated 
with the derivative 
term 
is user-selectable; 
this 
capability 
enables 
the 
LM628 
to control 
a wider 
range 
of 
inertial 
loads (system 
mechanical 
time constants) 
by provid- 
ing a better 
approximation 
of the continuous 
derivative. 
In 
general, 
longer sampling 
intervals 
are useful for low-velocity 
operations. 


In operation, 
the filter algorithm 
receives 
a 16-bit error signal 
from the loop summing-junction. 
The error signal is saturat- 


ed at 16 bits to ensure 
predictable 
behavior. 
In addition 
to 
being 
multiplied 
by filter 
coefficient 
kp, the 
error 
signal 
is 
added 
to an accumulation 
of previous 
errors 
(to form 
the 
integral 
signal) 
and, at a rate determined 
by the chosen 
de- 


rivative 
sampling 
interval, 
the 
previous 
error 
is subtracted 
from it (to form the derivative 
signal). All filter multiplications 
are 16·bit operations; 
only the bottom 
16 bits of the product 
are used. 


The integral 
signal is maintained 
to 24 bits, but only the top 
16 bits are used. This 
scaling 
technique 
results 
in a more 
usable 
(less sensitive) 
range of coefficient 
ki values. 
The 16 
bits are right-shifted 
eight 
positions 
and multiplied 
by filter 
coefficient 
ki to form the term which 
contributes 
to the mo- 
tor control 
output. 
The absolute 
magnitude 
of this product 
is 
compared 
to 
coefficient 
ii, and 
the 
lesser, 
appropriately 
signed 
magnitude 
then contributes 
to the motor 
control 
sig- 
nal. 


The derivative 
signal is multiplied 
by coefficient 
kd each de· 


rivative 
sampling 
interval. 
This 
product 
contributes 
to the 
motor 
control 
output 
every 
sample 
interval, 
independent 
of 
the user-chosen 
derivative 
sampling 
interval. 


The kp, limited ki, and kd product 
terms are summed 
to form 
a 16-bit quantity. 
Depending 
on the output 
mode (wordsize), 
either 
the top 
8 or top 
12 bits 
become 
the 
motor 
control 
output 
signal. 


LM628 READING 
AND WRITING 
OPERATIONS 


The host processor 
writes 
commands 
to the LM628 
via the 
host 
I/O 
port when 
Port Select 
(pS) input 
(Pin 16) is logic 
low. The desired 
command 
code 
is applied 
to the 
parallel 
port line and the Write 
(WR) input 
(Pin 15) is strobed. 
The 
command 
byte is latched 
into the LM628 
on the rising edge 
of the WR input. When 
writing 
command 
bytes 
it is neces- 
sary to first read the status 
byte and check 
the state 
of a 
flag called 
the "busy 
bit" (Bit 0). If the busy bit is logic high, 


no command 
write 
may take 
place. 
The 
busy 
bit is never 
high longer 
than 
100 P.s, and typically 
falls within 
15 p.s to 
25 p.s. 


The host processor 
reads the LM628 
status 
byte in a similar 
manner: 
by strobing 
the Read (RD) input (Pin 13) when 
PS 
(Pin 16) is low; status 
information 
remains 
valid as long as 
RD is low. 


Writing 
and reading 
data to/from 
the LM628 
(as opposed 
to 
writing commands 
and reading 
status) are done with J5S (Pin 
16) logic 
high. These 
writes 
and reads 
are always 
an inte- 
gral number 
(from one to seven) of two-byte 
words, 
with the 
first byte of each word being the more significant. 
Each byte 
requires 
a write (WR) or read (RD) strobe. 
When transferring 
data 
words 
(byte-pairs), 
it is necessary 
to 
first 
read 
the 
status 
byte and check 
the state 
of the busy bit. When 
the • 


Theory of Operation 
(Continued) 


busy bit is logic low, the user may then sequentially 
transfer 


both 
bytes 
comprising 
a data 
word, 
but the 
busy 
bit must 


again be checked 
and found 
to be low before 
attempting 
to 


transfer 
the 
next 
byte 
pair 
(when 
transferring 
multiple 


words). 
Data transfers 
are accomplished 
via LM628-internal 


interrupts 
(which 
are not nested); 
the busy 
bit informs 
the 


host processor 
when 
the LM628 
may not be interrupted 
for 


data transfer 
(or a command 
byte). 
If a command 
is written 


when 
the busy bit is high, the command 
will be ignored. 


The busy bit goes high immediately 
after writing a command 


byte, or reading 
or writing 
a second 
byte of data 
(See Fig- 
ures 5 thru 7). 


MOTOR 
OUTPUTS 


The 
LM628 
DAC output 
port can be configured 
to provide 


either 
a latched 
eight-bit 
parallel 
output 
or a multiplexed 


12-bit output. 
The 8-bit output 
can be directly 
connected 
to 


a flow-through 
(non-input-Iatching) 
01A converter; 
the 12-bit 


output 
can be easily 
demultiplexed 
using 
an external 
6-bit 


latch 
and an input-latching 
12-bit D/A converter. 
The DAC 


output 
data is offset-binary 
coded; 
the 8-bit code for zero is 


80 hex and the 12-bit code for zero is 800 hex. Values 
less 


than 
these 
cause 
a negative 
torque 
to 
be applied 
to the 


motor 
and, 
conversely, 
larger 
values 
cause 
positive 
motor 


torque. 
The LM628, 
when 
configured 
for 12-bit output, 
pro- 


vides signals 
which 
control 
the demultiplexing 
process. 
See 


Figure 
8 for details. 


The LM629 
provides 
8-bit, sign and magnitude 
PWM output 
signals 
for directly 
driving 
switch-mode 
motor-drive 
amplifi- 


ers. Figure 
11 shows 
the format 
of the PWM magnitude 
out- 


put signal. 


DUTY CYCLE: 
pw~ 
~AGNITUDE WAVEFOR~S (pin 
19): 


o 
1 (ON) 


(a) 128 = OFF 
0 


1 
-+H-tK 
1 
r-ic~~ 


(b) 
- 
~IN 
1n 
n 
n 
n 
n 


128 -DRIVE 
0 JL........JL......J L......JL......J 
L 


256 
1 I fCLK 
(e) M = 50% 
1n....n....rL... 


128 
DRIVE 
o 
508 
1 fCLK I 


(d) 127 = ~~ 
1 r---1.....,.....,.....,r 


128 
0 I 
U 
U 
U 
U 


DRIVE I-- 
2048 
.1 


lClK 
128 
~AX 
1 


(e) 
128 =D~~E 
0 (OFF) 


Note: 
Sign output (pin 18) not shown 
FIGURE 
11. PWM Output 
Signal Format 


Command 
Type 
Description 
Hex 
.Data 
Note 
Bytes 


RESET 
Initialize 
Reset LM628 
00 
0 
1 
PORT8 
Initialize 
Select 
8-Bit Output 
05 
0 
2 
PORT12 
Initialize 
Select 
12-Bit Output 
06 
0 
2 
DFH 
Initialize 
Define Home 
.J 
02 
0 
1 
SIP 
Interrupt 
Set Index Position 
03 
0 
1 
LPEI 
Interrupt 
Interrupt 
on Error 
1B 
2 
, 
1 
LPES 
Interrupt 
Stop on Error 
1A 
2 
1 
SBPA 
Interrupt 
Set Breakpoint, 
Absolute 
20 
4 
1 
SBPR 
Interrupt 
Set Breakpoint, 
Relative 
21 
4 
1 
MSKI 
Interrupt 
Mask Interrupts 
1C 
2 
1 
RSTI 
Interrupt 
Reset Interrupts 
10 
2 
1 
LFIL 
Filter 
Load Filter Parameters 
1E 
2to 
10 
1 
UDF 
Filter 
Update 
Filter 
04 
0 
1 
LTRJ 
Trajectory 
Load Trajectory 
1F 
2to 
14 
1 
SIT 
Trajectory 
Start Motion 
01 
0 
3 
RDSTAT 
Report 
Read Status Byte 
None 
1 
1,4 
RDSIGS 
Report 
Read Signals 
Register 
OC 
2 
1 
RDIP 
Report 
Read Index Position 
09 
4 
1 
RDDP 
Report 
Read Desired 
Position 
08 
4 
1 
RDRP 
Report 
Read Real Position 
OA 
4 
1 
RDDV 
Report 
Read Desired Velocity 
- 
07 
4 
1 
RDRV 
Report 
Read Real Velocity 
OB 
2 
1 
RDSUM 
Report 
Read Integration 
Sum 
00 
2 
1 


Note 
1: Commands 
may be executed 
"On the Fly" during motion. 


Note 
2: Commands 
not applicable 
to execution 
during motion. 


Note 
3: Command 
may be executed 
during motion if acceleration 
parameter 
was not changed. 


Note 
4: Command 
needs no code because 
the command 
port status-byte 
read is totally supported 
by hardware. 


GENERAL 
The following paragraphs describe the user command set of 
the lM628. Some of the commands can be issued alone 
and some require a supporting data structure. As examples, 
the command STT (STarT motion) does not require addi- 
tional data; command lFll 
(load 
Filter 
parameters) re- 
quires additional data (derivative-term sampling interval 
and/or filter parameters). 
Commands are categorized by function: initialization, inter- 
rupt control, filter control, trajectory control, and data report- 
ing. The commands are listed in Table II and described in 
the following paragraphs. Along with each command name 
is its command-byte code, the number of accompanying 
data bytes that are to be written (or read), and a comment 
as to whether the command is executable during motion. 


Initialization 
Commands 


The following four lM628 user commands are used primari- 
ly to initialize the system for use. 


RESET COMMAND: 
RESET the LM628 


Command Code: 
00 Hex 
Data Bytes: 
None 


Executable During Motion: Yes 


This command (and the hardware reset input, Pin 27) re- 
sults in setting the following data items to zero: filter coeffi- 
cients and their input buffers, trajectory parameters and 
their input buffers, and the motor control output. A zero mo- 
tor control output is a half-scale, offset-binary code: (80 hex 
for the 8-bit output mode; 800 hex for 12-bit mode). During 
reset, the DAC port outputs 800 hex to "zero" a 12-bit DAC 
and reverts to 80 hex to "zero" an 8-bit DAC.The command 
also clears five of the six interrup1masks (only the SBPAI 
SBPR interrupt is masked), sets the output port size to 
8 bits, and defines the current absolute position as home. 
Reset, which may be executed at any time, will be complet- 
ed in less than 1.5 ms. Also see commands PORT8 and 
PORT12. 


PORT8 COMMAND: 
set Output 
PORT Size to 8 Bits 


Command Code: 
05 Hex 
Data Bytes: 
None 


Executable During Motion: Not Applicable 


The default output port size of the lM628 is 8 bits; so the 
PORT8 command need not be executed when using an 
8-bit DAC.This command must not be executed when using 
a 12-bit converter; it will result in erratic, unpredictable mo- 
tor behavior. The 8-bit output port size is the required selec- 
tion when using the lM629, the PWM-output version of the 
lM628. 


PORT12 
COMMAND: 
set Output 
PORT Size to 12 Bits 


Command Code: 
06 Hex 
Data Bytes: 
None 


Executable During Motion: Not Applicable 


When a 12-bit DAC is used, command PORT12 should be 
issued very eariy in the initialization process. Because use 
of this command is determined by system hardware, there is 
only one foreseen reason to execute it later: if the RESET 
command is issued (because an 8-bit output would then be 
selected as the default) command PORT12 should be im- 


mediately executed. This command must not be issued 
when using an 8-bit converter or the lM629, the PWM-out- 
put version of the lM628. 


DFH COMMAND: 
DeFine 
Home 


Command Code: 
02 Hex 


Data Bytes: 
None 
Executable During Motion: Yes 


This command declares the current position as "home", or 
absolute position 0 (Zero). If DFH is executed during motion 
it will not affect the stopping position of the on-going move 
unless command STT is also executed. 


Interrupt Control Commands 
The following seven lM628 user commands are associated 
with conditions which can be used to interrupt the host com- 
puter. In order for any of the potential interrupt conditions to 
actually interrupt the host via Pin 17, the corresponding bit 
in the interrupt mask data associated with command MSKI 
must have been set to logic high (the non-masked state). 
The identity of all interrupts is made known to the host via 
reading and parsing the status byte. Even if all interrupts are 
masked off via command MSKI, the state of each condition 
is still reflected in the status byte. This feature facilitates 
polling the lM628 for status information, as opposed to in- 
terrupt driven operation. 


SIP COMMAND: 
set Index Position 
Command Code: 
03 Hex 
Data Bytes: 
None 
Executable During Motion: Yes 


After this command is executed, the absolute position which 
corresponds to the occurrence of the next index pulse input 
will be recorded in the index register, and bit 3 of the status 
byte will be set to logic high. The position is recorded when 
both encoder-phase inputs and the index pulse input are 
logic low. This register can then be read by the user (see 
description for command RDIP)to facilitate aligning the defi- 
nition of home position (see description of command DFH) 
with an index pulse. The user can also arrange to have the 
lM628 interrupt the host to signify that an index pulse has 
occurred. See the descriptions for commands MSKI and 
RSTI. 


LPEI COMMAND: 
Load Position 
Error for Interrupt 


Command Code: 
1B Hex 
Data Bytes: 
Two 
Data Range: 
0000 to 7FFF Hex 
Executable During Motion: Yes 


An excessive position error (the output of the loop summing 
junction) can indicate a serious system problem; e.g., a 
stalled rotor. Instruction lPEI allows the user to input a 
threshold for position error detection. Error detection occurs 
when the absolute magnitude of the position error exceeds 
the threshold, which results in bit 5 of the status byte being 
set to logic high. If it is desired to also stop (turn off) the 
motor upon detecting excessive position error, see com- 
mand lPES, below. The first byte of threshold data written 
with command lPEI is the more significant. The user can 
have the lM628 interrupt the host to signify that an exces- 
sive position error has occurred. See the descriptions for 
commands MSKI and RSTI. 
• 


Data Bytes: 
Two 
Data Range: 
0000 to 7FFF Hex 
Executable 
During Motion: 
Yes 


Instruction 
LPES is essentially 
the same as command 
LPEI 
above, 
but adds 
the feature 
of turning 
off the 
motor 
upon 
detecting 
excessive 
position 
error. 
The 
motor 
drive 
is not 
actually 
switched 
off, it is set to half-scale, 
the offset-binary 


code 
for zero. 
As with 
command 
LPEI, bit 5 of the status 


byte is also set to logic high. The first byte of threshold 
data 


written 
with 
command 
LPES 
is the 
more 
significant. 
The 
user can have the LM628 interrupt 
the host to signify that an 


excessive 
position 
error has occurred. 
See the descriptions 


for commands 
MSKI and RSTI. 


SBPA COMMAND: 


Command 
Code: 
20 Hex 
Data Bytes: 
Four 
Data Range: 
COOOOOOOto 3FFFFFFF 
Hex 


Executable 
During Motion: 
Yes 


This command 
enables 
the user to set a breakpoint 
in terms 


of absolute 
position. 
Bit 6 of the status 
byte is set to logic 


high when the breakpoint 
position 
is reached. 
This condition 


is useful 
for signaling 
trajectory 
and/or 
filter 
parameter 
up- 


dates. 
The user can also arrange 
to have the LM628 
inter- 


rupt the host to signify 
that a breakpoint 
position 
has been 


reached. 
See 
the 
descriptions 
for 
commands 
MSKI 
and 


RSTI. 


SBPR COMMAND: 


Command 
Code: 
21 Hex 


Data Bytes: 
Four 


Data Range: 
See Text 


Executable 
During Motion: 
Yes 


This command 
enables 
the user to set a breakpoint 
in terms 


of relative 
position. 
As with 
command 
SBPA, 
bit 6 of the 


status 
byte is set to logic high when the breakpoint 
position 


(relative 
to 
the 
current 
commanded 
target 
position) 
is 


reached. 
The relative 
breakpoint 
input value 
must be such 


that when this value is added to the target 
position 
the result 


remains 
within 
the 
absolute 
position 
range 
of the 
system 


(COOOOOOOto 3FFFFFFF 
hex). This condition 
is useful 
for 


signaling 
trajectory 
and/or 
filter 
parameter 
updates. 
The 


user can also arrange 
to have the LM628 
interrupt 
the host 


to signify 
that a breakpoint 
position 
has been reached. 
See 


the descriptions 
for commands 
MSKI and RSTI. 


MSKI COMMAND: 
MaSK Interrupts 


Command 
Code: 
1C Hex 


Data Bytes: 
Two 
Data Range: 
See Text 


Executable 
During Motion: 
Yes 


The MSKI command 
lets the user determine 
which potential 


interrupt 
condition(s) 
will interrupt 
the host. Bits 1 through 
6 


of the status 
byte are indicators 
of the six conditions 
which 


are candidates 
for host 
interrupt(s). 
When 
interrupted, 
the 


host then 
reads the status 
byte to learn which 
condition(s) 


occurred. 
Note that the MSKI command 
is immediately 
fol- 
lowed 
by two 
data 
bytes. 
Bits 
1 through 
6 of the 
second 


(less 
significant) 
byte 
written 
determine 
the 
masked/un- 


masked 
status 
of each potential 
interrupt. 
Any zero(s) 
in this 


bytes have no effect. 
The mask controls 
only the host inter- 
rupt process; 
reading 
the status 
byte will still reflect 
the ac- 
tual conditions 
independent 
of the mask byte. See Table 
III. 


TABLE 
III. Mask and Reset 
Bit Allocations 
for Interrupts 


Bit Position 
Function 


Bits 15 thru 7 
Not Used 


Bit6 
Breakpoint 
Interrupt 


Bit5 
Position-Error 
Interrupt 


Bit4 
Wrap-Around 
Interrupt 


Bit3 
Index-Pulse 
Interrupt 


Bit 2 
Trajectory-Complete 
Interrupt 


Bit 1 
Command-Error 
Interrupt 


BitO 
Not Used 


RSTI COMMAND: 
ReSeT 
Interrupts 


Command 
Code: 
10 Hex 
Data Bytes: 
Two 
Data Range: 
See Text 


Executable 
During Motion: 
Yes 


When 
one of the 
potential 
interrupt 
conditions 
of Table 
III 


occurs, 
command 
RSTI is used to reset the corresponding 
interrupt 
flag bit in the status 
byte. The host may reset one 
or all flag bits. Resetting 
them one at a time allows 
the host 
to service 
them 
one 
at a time 
according 
to a priority 
pro- 


grammed 
by the 
user. 
As 
in the 
MSKI 
command, 
bits 
1 
through 
6 of the second 
(less significant) 
byte correspond 
to 
the 
potential 
interrupt 
conditions 
shown 
in Table 
III. Also 


see description 
of RDSTAT 
command. 
Any zero(s) 
in this 
6-bit field reset 
the corresponding 
interrupt(s). 
The remain- 


ing bits have no effect. 


Filter Control Commands 


The following 
two LM628 
user commands 
are used for set- 
ting the derivative-term 
sampling 
interval, 
for adjusting 
the 
filter parameters 
as required 
to tune the system, 
and to con- 


trol the timing 
of these 
system 
changes. 


LFIL COMMAND: 
Load 
FIlter 
Parameters 


Command 
Code: 
1E Hex 


Data Bytes: 
Two to Ten 
Data Ranges 
... 


Filter Control 
Word: 
See Text 
Filter Coefficients: 
0000 to 7FFF 
Hex (Pos Only) 
Integration 
Limit: 
0000 to 7FFF 
Hex (Pos Only) 


Executable 
During Motion: 
Yes 


The filter 
parameters 
(coefficients) 
which 
are written 
to the 


LM628 
to control 
loop compensation 
are: kp, ki, kd, and iI 


(integration 
limit). 
The 
integration 
limit 
(il) constrains 
the 


contribution 
of the integration 
term 


(see 
Eq. 1) to values 
equal 
to or less than 
a user-defined 


maximum 
value; 
this 
capability 
minimizes 
integral 
or reset 
"wind-up" 
(an overshooting 
effect 
of the 
integral 
action). 


The 
positive-only 
input 
value 
is compared 
to the 
absolute 


Trajectory 
Control Commands 
The following two LM628 user commands are used for 
setting the trajectory control parameters (position, velocity, 
acceleration), mode of operation (position or velocity), and 
direction (velocity mode only) as required to describe a de- 
sired motion or to select the mode of a manually directed 
stop, and to control the timing of these system changes. 


LTRJ COMMAND: 
Load TRaJectory 
Parameters 
Command Code: 
1F Hex 
Data Bytes: 
Two to Fourteen 
Data Ranges ... 


Trajectory Control Word: See Text 
Position: 
COOOOOOO 
to 3FFFFFFF Hex 


Velocity: 
00000000 to 3FFFFFFF Hex 
(Pos Only) 
00000000 to 3FFFFFFF Hex 
(Pos Only) 
Executable During Motion: Conditionally, See Text 


TABLE 
V. Derivative-Term 
Sampling 
Interval 
Selection 
Codes 


Bit Position 


Filter Control Commands 
(Continued) 
magnitude of the integration term; when the magnitude of 
integration term value exceeds ii, the il value (with appropri- 
ate sign) is substituted for the integration term value. 
The derivative-term sampling interval is also programmable 
via this command. After writing the command code, the first 
two data bytes that are written specify the derivative-term 
sampling interval and which of the four filter parameters 
is/ are to be written via any forthcoming data bytes. The first 
byte written is the more significant. Thus the two data bytes 
constitute a filter control word that informs the LM628 as to 
the nature and number of any following data bytes. See 
Table IV. 


Bit 15 
Derivative Sampling Interval Bit 7 


Bit 14 
Derivative Sampling Interval Bit 6 


Bit 13 
Derivative Sampling Interval Bit 5 


Bit 12 
Derivative Sampling Interval Bit 4 


Bit 11 
Derivative Sampling Interval Bit 3 


Bit 10 
Derivative Sampling Interval Bit 2 


Bit 9 
Derivative Sampling Interval Bit 1 


Bit 8 
Derivative Sampling Interval Bit 0 


Bit 7 
Not Used 


Bit 6 
Not Used 


Bit 5 
Not Used 


Bit 4 
Not Used 


Bit 3 
Loading kp Data 


Bit 2 
Loading ki Data 


Bit 1 
Loading kd Data 


Bit 0 
Loading il Data 


Bits 8 through 15 select the derivative-term sampling inter- 
val. See Table V. The user must locally save and restore 
these bits during successive writes of the filter control word. 
Bits 4 through 7 of the filter control word are not used. 
Bits 0 to 3 inform the LM628 as to whether any or all of the 
filter parameters are about to be written. The user may 
choose to update any or all (or none) of the filter parame- 
ters. Those chosen for updating are so indicated by logic 
one(s) in the corresponding bit position(s) of the filter con- 
trol word. 


The data bytes specified by and immediately following the 
filter control word are written in pairs to comprise 16-bit 
words. The order of sending the data words to the LM628 
corresponds to the descending order shown in the above 
description of the filter control word; I.e., beginning with kp, 
then ki, kd and il. The first byte of each word is the more-sig- 
nificant byte. Prior to writing a word (byte pair) it is neces- 
sary to check the busy bit in the status byte for readiness. 
The required data is written to the primary buffers of a dou- 
ble-buffered scheme by the above described operations; it 
is not transferred to the secondary (working) registers until 
the UDF command is executed. This fact can be used ad- 
vantageously; the user can input numerous data ahead of 
their actual use. This simple pipeline effect can relieve po- 
tential host computer data communications bottlenecks, 
and facilitates easier synchronization of multiple-axis con- 
trols. 


UDF COMMAND: 
UpDate 
Filter 
Command Code: 
04 Hex 
Data Bytes: 
None 
Executable During Motion: Yes 
The UDF command is used to update the filter parameters, 
the specifics of which have been programmed via the LFIL 
command. Any or all parameters (derivative-term sampling 
interval, kp, ki, kd, and/or il) may be changed by the appro- 
priate command(s), but command UDF must be executed to 
affect the change in filter tuning. Filter updating is synchro- 
nized with the calculations to eliminate erratic or spurious 
behavior. 


Selected 
Derivative 


Sampling 
Interval 
15 
14 
13 
12 
11 
10 
9 
8 


0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0 


0 
0 
0 
0 
0 
0 
1 
1 


256/Ls 
512/Ls 


768 P.s 
1024 p.s,etc ... 


thru 
1 
1 
1 
1 
1 
1 
1 
1 
65,536 P.s 


Note: Sampling intervals shown are when using an 8.0 MHz clock. The 256 corresponds to 2048/8 
MHz; sample intervals must be scaled for other clock 
frequencies. 
• 


Trajectory 
Control Commands 
(Continued) 
The trajectory control parameters which are written to the 
LM628 to control motion are: acceleration, velocity, and po- 
sition. In addition, indications as to whether these three pa- 
rameters are to be considered as absolute or relative inputs, 
selection of velocity mode and direction, and manual stop- 
ping mode selection and execution are programmable via 
this command. After writing the command code, the first two 
data bytes that are written specify which parameter(s) is/are 
being changed. The first byte written is the more significant. 
Thus the two data bytes constitute a trajectory control word 
that informs the LM628 as to the nature and number of any 
following data bytes. See Table VI. 


TABLE 
VI. Trajectory 
Control 
Word 
Bit Allocation 


Bit 15 


Bit 14 


Bit 13 


Bit 12 


Bit11 


Bit 10 


Bit 
9 


Bit 
8 


Bit 7 


Bit 
6 


Bit 
5 


Bit 
4 


Bit 
3 


Bit 
2 


Bit 
1 


Bit ° 


Not Used 


Not Used 


Not Used 


Forward 
Direction 
(Velocity 
Mode Only) 


Velocity 
Mode 


Stop Smoothly 
(Decelerate 
as Programmed) 


Stop Abruptly 
(Maximum 
Deceleration) 


Turn Off Motor 
(Output 
Zero Drive) 


Not Used 


Not Used 


Acceleration 
Will Be loaded 


Acceleratlim 
Data Is Relative 


Velocity 
Will Be loaded 


Velocity 
Data Is Relative 


Position 
Will Be loaded 


Position 
Data Is Relative 


Bit 12 determines the motor direction when in the velocity 
mode. A logic one indicates forward direction. This bit has 
no effect when in position mode. 
Bit 11 determines whether the LM628 operates in velocity 
mode (Bit 11 logic one) or position mode (Bit 11 logic zero). 


Bits 8 through 10 are used to select the method of manually 
stopping 
the motor. These bits are not provided for one to 
merely specify the desired mode 
of stopping, in position 
mode operations, normal stopping is always smooth and 
occurs automatically at the end of the specified trajectory. 
Under exceptional circumstances it may be desired to man- 
ually intervene with the trajectory generation process to af- 
fect a premature stop. In velocity mode operations, howev- 
er, the normal means of stopping is via bits 8 through 10 
(usually bit 10). Bit 8 is set to logic one to stop the motor by 
turning off motor drive output (outputting the appropriate off- 
set-binary code to apply zero drive to the motor); bit 9 is set 
to one to stop the motor abruptly (at maximum available 
acceleration, by setting the target position equal to the cur- 
rent position); and bit 10 is set to one to stop the motor 
smoothly by using the current user-programmed accelera- 
tion value. Bits 8 through 10 are to be used exclusively; 
only 
one bit should be a logic one at any time. 
Bits 0 through 5 inform the LM628 as to whether any or all 
of the trajectory controlling parameters are about to be writ- 
ten, and whether the data should be interpreted as absolute 
or relative. The user may choose to update any or all (or 


none) of the trajectory parameters. Those chosen for updat- 
ing are'so indicated by logic one(s) in the corresponding bit 
position(s). Any parameter may be changed while the motor 
is in motion; however, if acceleration is changed then the 
next STT command must not be issued until the LM628 has 
completed the current move or has been manually stopped. 


The data bytes specified by and immediately following the 
trajectory control word are written in pairs which comprise 
16-bit words. Each data item (parameter) requires two 16-bit 
words; the word and byte order is most-to-Ieast significant. 
The order of sending the parameters to the LM628 corre- 
sponds to the descending order shown in the above de- 
scription of the trajectory control word; i.e., beginning with 
acceleration, then velocity, and finally position. 
Acceleration and velocity are 32 bits, positive only, but 
range only from 0 (00000000 hex) to [230]-1 
(3FFFFFFF 
hex). The bottom 16 bits of both acceleration and velocity 
are scaled as fractional data; therefore, the least-significant 
integer data bit for these parameters is bit 16 (where the bits 
are numbered 0 through 31). To determine the coding for a 
given velocity, for example, one multiplies the desired veloc- 
ity (in counts per sample interval) times 65,536 and converts 
the result to binary. The units of acceleration are counts per 
sample per sample. The value loaded for acceleration must 
not exceed the value loaded for velocity. Position is a 
signed, 
32-bit 
integer, 
but 
ranges 
only 
from 
- [230] 
(COOOOOOO 
hex) to [230]-1 
(3FFFFFFF Hex). 


The required data is written to the primary buffers of a dou- 
ble-buffered scheme by the above described operations; it 
is not transferred to the secondary (working) registers until 
the STT command is executed. This fact can be used ad- 
vantageously; the user can input numerous data ahead of 
their actual use. This simple pipeline effect can relieve po- 
tential host computer data communications bottlenecks, 
and facilitates easier synchronization of mUltiple-axis con- 
trols. 


STT COMMAND: 
STarT 
Motion 
Control 
Command Code: 
01 Hex 
Data Bytes: 
None 
Executable During Motion: Yes, if acceleration has not 
been changed 
The STT command is used to execute the desired trajecto- 
ry, the specifics of which have been programmed via the 
LTRJ command. Synchronization of multi-axis control (to 
within one sample interval) can be arranged by loading the 
required trajectory parameters for each (and every) axis and 
then simultaneously issuing a single STT command to all 
axes. This command may be executed at any time, unless 
the acceleration value has been changed and a trajectory 
has not been completed or the motor has not been manual- 
ly stopped. If STT is issued during motion and acceleration 
has been changed, a commimd error interrupt will be gener- 
ated and the command will be ignored. 


Data Reporting Commands 
The following seven LM628 user commands are used to 
obtain data from various registers in the LM628. Status, p0- 
sition, and velocity information are reported. With the excep- 
tion of RDSTAT, the data is read from the LM628 data port 
after first writing the corresponding command to the com- 
mand port. 


Data Reporting Commands 
(Continued) 


RDSTAT 
COMMAND: 
ReaD 
STATus 
Byte 


Command 
Code: 
None 
Byte Read: 
One 
Data Range: 
See Text 
Executable 
During Motion: 
Yes 


The RDSTAT 
command 
is really not a command, 
but is list- 


ed with 
the 
other 
commands 
because 
it is used 
very fre- 


quently 
to control 
communications 
with the host computer. 


There is no identification 
code; it is directly 
supported 
by the 


hardware 
and may be executed 
at any time. The single-byte 
status 
read is selected 
by placing CS, pg and RD at logic 


zero. See Table 
VII. 


Bit Position 
Function 


Bit 7 
Motor Off 


Bit6 
Breakpoint 
Reached 
[InterruptI 


Bit5 
Excessive 
Position 
Error [Interrupt] 


Bit4 
Wraparound 
Occurred 
[InterruptI 


Bit3 
Index Pulse Observed 
[InterruptI 


Bit2 
Trajectory 
Complete 
[InterruptI 


Bit 1 
Command 
Error [Interrupt] 


BitO 
Busy Bit 


Bit 7, the motor-off 
flag, is set to logic one when the motor 


drive 
output 
is off (at the half-scale, 
offset-binary 
code 
for 


zero). The motor 
is turned 
off by any of the following 
condi- 


tions: power-up 
reset, command 
RESET, excessive 
position 


error (if command 
LPES had been executed), 
or when com- 


mand 
LTRJ 
is used to manually 
stop the motor 
via turning 


the motor 
off. Note that when bit 7 is set in conjunction 
with 


command 
LTRJ for producing 
a manual, 
motor-off 
stop, the 


actual 
setting 
of bit 7 does not occur 
until command 
SIT 
is 


issued to affect 
the stop. Bit 7 is cleared 
by command 
SIT, 
except 
as described 
in the previous 
sentence. 


Bit 6, the 
breakpoint-reached 
interrupt 
flag, 
is set to logic 


one 
when 
the 
position 
breakpoint 
loaded 
via 
command 


SBPA 
or SBPR 
has been 
exceeded. 
The flag is functional 


independent 
of 
the 
host 
interrupt 
mask 
status. 
Bit 
6 
is 


cleared 
via command 
RSTI. 


Bit 5, the 
excessive-position-error 
interrupt 
flag, 
is set 
to 


logic 
one 
when 
a position-error 
interrupt 
condition 
exists. 
This occurs 
when 
the error threshold 
loaded 
via command 


LPEI or LPES 
has been 
exceeded. 
The 
flag 
is functional 


independent 
of 
the 
host 
interrupt 
mask 
status. 
Bit 
5 is 


cleared 
via command 
RSTI. 


Bit 4, the wraparound 
interrupt 
flag, is set to logic one when 


a numerical 
"wraparound" 
has occurred. 
To "wraparound" 


means to exceed 
the position 
address 
space 
of the LM628, 


which could occur during velocity 
mode operation. 
If a wrap- 


around 
has 
occurred, 
then 
position 
information 
will 
be in 


error 
and 
this 
interrupt 
helps 
the 
user 
to ensure 
position 


data integrity. 
The flag is functional 
independent 
of the host 


interrupt 
mask status. 
Bit 4 is cleared 
via command 
RSTI. 


Bit 3, the index-pulse 
acquired 
interrupt 
flag, is set to logic 


one when an index pulse has occurred 
(if command 
SIP had 


been 
executed) 
and indicates 
that the index position 
regis- 


ter has been updated. 
The flag is functional 
independent 
of 


the host interrupt 
mask status. 
Bit 3 is cleared 
by command 


RSTI. 


Bit 2, the trajectory 
complete 
interrupt 
flag, 
is set to logic 


one 
when 
the 
trajectory 
programmed 
by the 
LTRJ 
com- 


mand and initiated 
by the SIT 
command 
has been complet- 


ed. Because 
of overshoot 
or a limiting 
condition 
(such 
as 
commanding 
the velocity 
to be higher 
than 
the 
motor 
can 


achieve), 
the motor 
may not yet be at the final commanded 
position. 
This 
bit is the 
logical 
OR of bits 7 and 
10 of the 


Signals 
Register, 
see command 
RDSIGS 
below. 
The 
flag 
functions 
independently 
of the 
host 
interrupt 
mask 
status. 


Bit 2 is cleared 
via command 
RSTI. 


Bit 1, the command-error 
interrupt 
flag, 
is set to logic one 


when 
the user attempts 
to read data when 
a write was ap- 
propriate 
(or vice versa). 
The flag is functional 
independent 


of the host interrupt 
mask 
status. 
Bit 1 is cleared 
via com- 


mand RSTI. 


Bit 0, the busy flag, is frequently 
tested 
by the user (via the 
host computer 
program) 
to determine 
the busy/ready 
status 


prior to writing 
and reading 
any data. Such writes 
and reads 


may be executed 
only when 
bit 0 is logic 
zero 
(not busy). 


Any command 
or data writes 
when 
the busy bit is high will 


be ignored. 
Any data 
reads 
when 
the 
busy 
bit is high will 


read the 
current 
contents 
of the 
I/O 
port 
buffers, 
not the 
data 
expected 
by the 
host. 
Such 
reads 
or writes 
(with the 


busy bit high) will not generate 
a command-error 
interrupt. 


RDSIGS 
COMMAND: 
ReaD 
SIGnalS 
Register 


Command 
Code: 
OC Hex 
Bytes Read: 
Two 
Data Range: 
See Text 
Executable 
During Motion: 
Yes 


The 
LM628 
internal 
"signals" 
register 
may be read 
using 
this 
command. 
The first 
byte 
read 
is the 
more 
significant. 


The less significant 
byte of this register 
(with the exception 
of bit 0) duplicates 
the status 
byte. See Table 
VIII. 


TABLE 
VIII. Signals 
Register 
Bit Allocation 


Bit Position 
Function 


Bit15 
Host Interrupt 


Bit 14 
Acceleration 
Loaded 
(But Not Updated) 


Bit 13 
UDF Executed 
(But Filter Not yet Updated) 


Bit 12 
Forward 
Direction 


Bit11 
Velocity 
Mode 


Bit10 
On Target 


Bit 
9 
Turn Off upon Excessive 
Position 
Error 


Bit 
8 
Eight-Bit 
Output 
Mode 


Bit 
7 
Motor Off 


Bit 
6 
Breakpoint 
Reached 
[InterruptI 


Bit 
5 
Excessive 
Position 
Error [InterruptI 


Bit 
4 
Wraparound 
Occurred 
[InterruptI 


Bit 
3 
Index Pulse Acquired 
[InterruptI 


Bit 
2 
Trajectory 
Complete 
[Interrupt] 


Bit 
1 
Command 
Error [InterruptI 


Bit 
0 
Acquire 
Next Index (SIP Executed) 


Bit 15, the host interrupt 
flag, is set to logic one when 
the 


host 
interrupt 
output 
(Pin 17) is logic one. 
Pin 17 is set to 


logic one when any of the six host interrupt 
conditions 
occur 


(if the corresponding 
interrupt 
has not been masked). 
Bit 15 


(and Pin 17) are cleared 
via command 
RSTI. 


Bit 14, the acceleration-loaded 
flag, is set to logic one when 


acceleration 
data is written 
to the LM628. 
Bit 14 is cleared 


by the SIT 
command. 
• 
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monitoring. 
Bit 12, the forward direction flag, is meaningful only when 
the LM628 is in velocity mode. The bit is set to logic one to 
indicate that the desired direction of motion is "forward"; 
zero indicates "reverse" direction. Bit 12 is set and cleared 
via command LTRJ. The actual setting and clearing of bit 12 
does not occur until command STT is executed. 
Bit 11, the velocity mode flag, is set to logic one to indicate 
that the user has selected (via command LTRJ) velocity 
mode. Bit 11 is cleared when position mode is selected (via 
command LTRJ). The actual setting and clearing of bit 11 
does not occur until command STT is executed. 
Bit 10, the on-target flag, is set to logic one when the trajec- 
tory generator has completed its functions for the last-is- 
sued STT command. Bit 10 is cleared by the next STT com- 
mand. 
Bit 9, the turn-off on-error flag, is set to logic one when 
command LPES is executed. Bit 9 is cleared by command 
LPEI. 


Bit 8, the 8-bit output flag, is set to logic one when the 
LM628 is reset, or when command PORT8 is executed. Bit 
8 is cleared by command PORT12. 
Bits 0 through 7 replicate the status byte (see Table VII), 
with the exception of bit O.Bit 0, the acquire next index flag, 
is set to logic one when command SIP is executed; it then 
remains set until the next index pulse occurs. 


RDIP COMMAND: 
ReaD 
Index 
Position 
Command Code: 
09 Hex 
Bytes Read: 
Four 
Data Range: 
COOOOOOO 
to 3FFFFFFF Hex 
Executable During Motion: Yes 


This command reads the position recorded in the index reg- 
ister. Reading the index register can be part of a system 
error checking scheme. Whenever the SIP command is exe- 
cuted, the new index position minus the old index position, 
divided by the incremental encoder resolution (encoder 
lines times four), should always be an integral number. The 
RDIP command facilitates acquiring these data for host- 
based calculations. The command can also be used to iden- 
tify/verify home or some other special position. The bytes 
are read in most-te-Ieast significant order. 


RDDP 
COMMAND: 
ReaD 
Desired 
Position 
Command Code: 
08 Hex 
Bytes Read: 
Four 
Data Range: 
COOOOOOO 
to 3FFFFFFF Hex 
Executable During Motion: Yes 


This command reads the instantaneous desired (current 
tempora~position output of the profile generator. This is the 
"setpoint" input to the position-loop summing junction: The 
bytes are read in most-to-Ieast significant order. 


RDRP 
COMMAND: 
ReaD 
Real Position 
Command Code: 
OAHex 
Bytes Read: 
Four 
Data Range: 
COOOOOOO 
to 3FFFFFFF Hex 
Executable During Motion: Yes 


RDDV 
COMMAND: 
ReaD 
Desired 
velocity 
Command Code: 
07 Hex 
Bytes Read: 
Four 
Data Range: 
COOOOO01to 3FFFFFFF 
Executable During Motion: Yes 


This command reads the integer and fractional portions of 
the instantaneous desired (current tempora~ velocity, as 
used to generate the desired position profile. The bytes are 
read in most-to-Ieast significant order. The value read is 
properly scaled for numerical comparison with the user-sup- 
plied (commanded) velocity; however, because the two 
least-significant bytes represent fractional velocity, only the 
two most-significant bytes are appropriate for comparison 
with the data obtained via command RDRV (see below). 
Also note that, although the velocity input data is con- 
strained to positive numbers (see command LTRJ), the data 
returned by command RDDV represents a signed quantity 
where negative numbers represent operation in the reverse 
direction. 


RDRV 
COMMAND: 
ReaD 
Real Velocity 
Command Code: 
OB Hex 
Bytes Read: 
Two 
Data Range: 
COOOto 3FFF Hex, See Text 
Executable During Motion: Yes 
This command reads the integer portion of the instanta- 
neous actual velocity of the motor. The internally maintained 
fractional portion of velocity is not reported because the 
reported data is derived by reading the incremental encod- 
er, which produces only integer data. For comparison with 
the result obtained by executing command RDDV (or the 
user-supplied input value), the value returned by command 
RDRV must be multiplied by 216 (shifted left 16 bit posi- 
tions). Also, as with command RDDV above, data returned 
by command RDRV is a signed quantity, with negative val- 
ues representing reverse-direction motion. 


RDSUM 
COMMAND: 
ReaD Integration-Term SUMmation 
Value 
Command Code: 
Bytes Read: 
Data Range: 


00 Hex 
Two 
00000 Hex to ± the Current 
Value of the Integration Limit 
Executable During Motion: Yes 


This command reads the value to which the integration term 
has accumulated. The ability to read this value may be help- 
ful in initially or adaptively tuning the system. 


Typical Applications 


Programming 
LM628 
Host Handshaking 
(Interrupts) 


A few words regarding the LM628 host handshaking will be 
helpful to the system programmer. As indicated in various 
portions of the above text, the LM628 handshakes with the 
host computer in two ways: via the host interrupt output (Pin 
17), or via polling the status byte for "interrupt" conditions. 
When the hardwired interrupt is used, the status byte is also 
read and parsed to determine which of six possible condi- 
tions caused the interrupt. 


Typical Applications 
(Continued) 


When using the hardwired interrupt it is very important that 
the host interrupt service routine does not interfere with a 
command sequence which might have been in progress 
when the interrupt occurred. If the host interrupt service rou- 
tine were to issue a command to the LM628 while it is in the 
middle of an ongoing command sequence, the ongoing 
command will be aborted (which could be detrimental to the 
application). 


Two approaches exist for avoiding this problem. If one is 
using hardwired interrupts, they should be disabled at the 
host prior to issuing any LM628 command sequence, and 
re-enabled after each command sequence. The second ap- 
proach is to avoid hardwired interrupts and poll the LM628 
status byte for "interrupt" 
status. The status byte always 


reflects 
the 
interrupt-condition 
status, 
independent 
of 


whether or not the interrupts have been masked. 


Typical Host Computer/Processor 
Interface 


The LM628 is interfaced with the host computer/processor 
via an 8-bit parallel bus. Figure 
12 shows such an interface 


and a minimum system configuration. 
As shown in Figure 
12, the LM628 interfaces with the host 


data, address and control lines. The address lines are de- 
coded to generate the LM628 CS input; the host address 
LSB directly drives the LM628 ~ 
input 
Figure 
12 also 


shows an 8-bit DAC and an LM12 Power Op Amp interfaced 
to the LM628. 


LM628 and High Performance Controller (HPC) 
Interface 


Figure 
13 shows the LM628 interfaced to a National HPC 


High Performance Controller. The delay and logic associat- 
ed with the WR line is used to effectively increase the write- 
data hold time of the HPC (as seen at the LM628) by caus- 
ing the WR pulse to rise early. Note that the HPC CK2 out- 
put provides the clock for the LM628. The 74LS245 is used 
to decrease the read-data hold time, which is necessary 
when interfacing to fast host busses. 


Interfacing a 12-81tDAC 


Figure 
14 illustrates use of a 12-bit DAC with the LM628. 
The 74LS378 hex gated-D flip-flop and an inverter demulti- 
plex the 12-bit output. DAC offset must be adjusted to mini- 
mize DAC linearity and monotonicity errors. Two methods 
exist for making this adjustment. If the DAC1210 has been 
socketed, remove it and temporarily connect a 15 kfi resis- 
tor between Pins 11 and 13 of the DAC socket (Pins 2 and 6 
of the LF356) and adjust the 25 kfi potentiometer for OVat 
Pin 6 of the LF356. 


If the DAC is not removable, the second method of adjust- 
ment requires that the DAC1210 inputs be presented an all- 
zeros code. This can be arranged by commanding the ap- 
propriate move via the LM628, but with no feedback from 
the system encoder. When the all-zeros code is present, 
adjust the pot for OVat Pin 6 of the LF356. 


A Monolithic Unear Drive Using LM12 Power Op Amp 


Figure 15shows a motor-drive amplifier built using the LM12 
Power Operational Amplifier. This circuit is very simple and 
can deliver up to 8A at 30V (using the LM12L/LM12CL). 
Resistors R1 and R2 should be chosen to set the gain to 
provide maximum output voltage consistent with maximum 
input voltage. This example provides a gain of 2.2, which 
allows for amplifier output saturation at ±22V with a ± 10V 
input, assuming power supply voltages of ± 30V. The ampli- 
fier gain should not be higher than necessary because the 
system is non-linear when saturated, and because gain 
should be controlled by the LM628. The LM12 can also be 
configured as a current driver, see 1987 Unear Databook, 
Vol. 1, p. 2-280. 


Typical PWM Motor Drfve Interfaces 


Figure 
16 shows an LM18298 dual full-bridge driver inter- 


faced to the LM629 PWM outputs to provide a switch-mode 
power amplifier for driving small brush/commutator motors. 
Figure 
17 shows an LM621 brushless motor commutator 


interfaced to the LM629 PWM outputs and a discrete device 
switch-mode power amplifier for driving brushless DC mo- 
tors. 


Incremental Encoder Interface 
The incremental (position feedback) encoder interface con- 
sists of three lines: Phase A (Pin 2), Phase B (Pin 3), and 
Index (Pin 1). The index pulse output is not available on 
some encoders. The LM628 will work with both encoder 
types, but commands SIP and RDIP will not be meaningful 
without an index pulse (or alternative input for this input ... 
be sure to tie Pin 1 high if not used). 
Some consideration is merited relative to use in high Gauss- 
ian-noise environments. If noise is added to the encoder 
inputs (either or both inputs) and is such that it is not sus- 
tained until the next encoder transition, the LM628 decoder 
logic will reject it. Noise that mimics quadrature counts or 
persists through encoder transitions must be eliminated by 
appropriate EMI design. 


Simple digital "filtering" schemes merely reduce susceptibil- 
ity to noise (there will always be noise pulses longer than 
the filter can eliminate). Further, any noise filtering scheme 
reduces decoder bandwidth. In the LM628 it was decided 
(since simple filtering does not eliminate the noise problem) 
to not include a noise filter in favor of offering maximum 
possible decoder bandwidth. Attempting to drive encoder 
signals too long a distance with simple TTL lines can also 
be a source of "noise" in the form of signal degradation 
(poor risetime and/or ringing). This can also cause a system 
to lose positional integrity. Probably the most effective 
countermeasure to noise induction can be had by using bal- 
anced-line drivers and receivers on the encoder inputs. Fig- 
ure 18 shows circuitry using the DS26LS31 and DS26LS32. 
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FIGURE 14. Interfacing a 12-81t DAC and LM628 
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FIGURE 
15. Driving a Motor with the LM12 Power Op Amp 
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General Description 
The LM16293 is designed to drive DC loads up to one amp. 
Typical applications include driving such inductive loads as 
solenoids, relays and stepper motors along with driving 
switching power transistors and use as a buffer for low level 
logic signals. The four inputs accept standard TTL and DTL 
levels for ease of interfacing. Two enable pins are prOVided 
that also accept the standard TTL and DTL levels. Each 
enable controls 2 channels and when an enable pin is dis- 
abled (tied low), the corresponding outputs are forced to the 
TRI-STATEfI>condition. If the enable pins are not connected 
(Le., floating), the circuit will function as if it has been en- 
abled. Separate pins are prOVidedfor the main power supply 
(pin 6), and the logic supply (pin 16). This allows a lower 
voltage to be used to bias up the logic resulting in reduced 
power dissipation. The chip is packaged in a specially de- 


signed 16 pin power DIP. The 4 center pins of this package 
are tied together and form the die paddle inside the pack- 
age. This prOVidesmuch better heat sinking capability than 
most other DIP packages available. The device is capable 
of operating at voltages up to 36 volts. 


Features 
• 
1A output current capability per channel 
• 
Pin for pin replacement for l293B 
• 
Special 16 pin power DIP package 
• 
36 volt operation 
• 
Internal thermal overload protection 
• 
Logical "0" input voltage up to 1.5 volts results in high 
noise immunity 


TUH/8706-1 


FIGURE 1.Application 
circuit showing bidirectional 
and on/off 
control of a single DC motor 


using two outputs and unidirectional 
on/off 
function of two DC motors using a single output each. 


Order Number lM18293N 
NS Package Number N16A 


Absolute Maximum Ratings 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Peak Output Current 
(Non-Repetitive 
t = 5 ms) 
2A 


please 
contact 
the 
National 
Semiconductor 
Sales 
Junction 
Temperature 
(TJ) 
+ 150·C 
Office/Distributors 
for 
availability 
and 
specifications. 
Thermal 
Resistance 
Junction 
to Case (IIJc) 
14·C/W 
Output 
Drive Supply Voltage 
(Vs) 
36V 
Thermal 
Resistance 
Junction 
to Ambient 
(IIJA) 
80·C/W 
Logic Supply Voltage 
(Vss) 
36V 
Internal 
Power Dissipation 
Internally 
Limited 


Input Voltage 
(VI) 
7V 
Operating 
Temperature 
Range 
-40·C 
to + 125·C 


Enable Voltage 
(VE) 
7V 
Storage 
Temperature 
Range 
- 65·C to + 150·C 


Lead Temperature 
(Solder 
10 seconds) 
260·C 


Electrical Characteristics 
Vs = 24V, Vss = 5V, T = 25·C, 
L = O.4V, H = 3.5V, each channel, 
unless 
otherwise 
noted 


Symbol 
Parameter 
Conditions 
Typical 
Tested 
Limit 
Design 
Limit 
Units 
(Note 
1) 
(Note 
2) 


Vs 
Main Supply 
(Pin 8) 
Maximum 
Supply Voltage 
36 
Vmax 


Vss 
Logic Supply (Pin 16) 
Minimum 
Logic Supply Voltage 
4.5 
Vmin 


Maximum 
Logic Supply Voltage 
36 
Vmax 


Is 
Total Quiescent 
VI = L 
10 = 0 
VE = H 
2 
6 
mAmax 


Supply Current 
VI = H 
10 = 0 
VE = H 
16 
24 
mAmax 


VE = L 
4 
mAmax 


Iss 
Total Quiescent 
Logic 
VI = L 
10 = 0 
VE = H 
44 
60 
mAmax 


Supply Current 
VI = H 
10 = 0 
VE = H 
16 
22 
mAmax 


(pin 16) 
VE = L 
16 
24 
mAmax 


VI 
Input Voltage 
Min Value of Low 
-0.3 
Vmin 


Max Value of Low 
1.5 
Vmax 


Min Value of High 
2.3 
Vmin 


Max Value of High (Vss 
,,;;7) 
Vss 
Vmax 


Max Value of High (Vss > 7) 
7 
Vmax 


II 
Input Current 
VI = L 
-10 
",Amax 


VI = H 
30 
100 
",Amax 


VE 
Enable Voltage 
Min Value of Low 
-0.3 
Vmin 


(Pins 1, 9) 
Max Value of Low 
1.5 
Vmax 


Min Value of High 
2.3 
Vmin 


Max Value of High (Vss 
";;7) 
Vss 
Vmax 


Max Value of High (Vss > 7) 
7 
Vmax 


IE 
Enable Current 
VE = L 
-30 
-100 
",Amax 


VE = H 
±10 
",Amax 


VCEsatTop 
Source 
Saturation 
10 = -1 
amp 
1.4 
1.8 
Vmax 


Voltage 


VCE sat Bottom 
Sink Saturation 
10 = 1 amp 
1.2 
1.8 
Vmax 


Voltage 


tr 
Rise Time 
10%-90% 
Vo 
I 
I 
250 
ns 


tf 
Fall Time 
90%-10% 
Vo 
250 
ns 


ton 
Turn-On 
Delay 
50% VI to 50% Vo 
450 
ns 


toft 
Turn-Off 
Delay 
50% VI to 50% Vo 
200 
ns 


Note 1: Tested limits are guaranteed 
and 100% production 
tested. 


Note 2: Design limits are guaranteed 
(but not 100% production 
tested) over the full supply and temperature 
range. These limits are not used to calculate outgoing 
quality levels. 


OUTPUT 1 


GROUND 


GROUND 


OUTPUT 2 


INPUT 2 


Vs 


3 
14 


4 
13 


5 
12 


6 
11 


7 
10 


8 
9 


OUTPUT 4 


GROUND 


GROUND 


OUTPUT 3 


INPUT 3 


ENABLE 2 


(OJ High ou1put impedance. 


(•• ) Relative 
to the pertinent 
channel. 


Enable 1 activates 
outputs 1 & 2 


Enable 2 activates 
outputs 3 & 4 


Typical Performance Characteristics 
Vs In all cases = 24V 


Output 
Voltage 
ys. 
Output 
Voltage 
ys. 
Saturation 
Voltage 
ys. 


Input Voltage 
Enable Voltage 
Output 
Current 
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Logic 
Supply 
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Voltage 
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Temperature 
ys. Ambient 
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Logic 
Supply 
Voltage 


3D 


1o=1,.5A 


3D 


I 


52 


VFV.=Vss=5V 
VFV.=Vss=5V 


-1 
I 


50 
./ 
,.". 
V,=L. VrH 
./ 


~ 
2D 
~1.OA 
~ 
2D 
~1.5A 
48 
./ 


% 
~ 
1o=1.OA 
1 
./ 


~ 
~ 
46 
- 
-:ro.5A 


...,. 
/ 
~ 


1o=O.5A 
~ 
J!' 


lD 
lD 
.u 
1o=O.IA 
--1 
""t 


I 
~ 


0 
0 


!oj.1A 


40 


-50 
0 
50 
100 
-50 
0 
50 
100 
0 
10 
20 
30 


'omb(OC) 
'omb(OC) 
VSS<V) 


TLIH/8706-4 


Typical Applications 


DC motor 
controls 
(with 
connections 
to 
Bidirectional 
DC motor 
control 


ground 
and to the supply 
Yoltages) 
Vs 
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Le) f~ 
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VE 
Pin 
Pin 
M1 
M2 
Inputs 
Function 
10 
15 
Pin10 
= H 
TurnCW 
H 
H 
H 
Fast Motor Stop 
Run 
Pin 15 = L 


H 
H 
L 
Fast Motor Stop 
Fast Motor Stop 
Pin10 
= L 
VE = H 
Pin 15 = H 
TurnCCW 
H 
L 
H 
Run 
Run 


H 
L 
L 
Run 
Fast Motor Stop 
Pin 10 = Pin 15 
Fast Motor Stop 


Free Running 
Free Running 
VE = L 
Pin 10 = X 
Free Running 
L 
X 
X 
Motor Stop 
Motor Stop 
Pin15=X 
Motor Stop 


L~Low 
H ~ 
High 
X ~ Don't care 
L~Low 
H~High 
X = Don't care 


Step Sequencing 
Tables 


Full Step' 


VIN 1 
VIN2 
Step 


L 
L 
1 


L 
H 
2 


H 
H 
3 


H 
L 
4 


L 
L 
1 


'VE 1 and VE 2 = H 


Half Step 


VE 1 
VE2 
VIN 1 
VIN2 
Step 


H 
L 
L 
X 
1 


H 
H 
L 
L 
2 


L 
H 
X 
L 
3 


H 
H 
H 
L 
4 


H 
L 
H 
X 
5 


H 
H 
H 
H 
6 


L 
H 
X 
H 
7 


H 
H 
L 
H 
8 


H 
L 
L 
X 
1 


Mounting Instructions 


The junction 
to ambient 
thermal 
resistance 
of the LM18293 


can be reduced 
by soldering 
the ground 
pins to a suitable 
copper 
area 
of the 
printed 
circuit 
board 
or to an external 
heatsink. 
The graph below. which 
shows the maximum 
pow- 


er dissipated 
and junction 
to ambient 
thermal 
resistance 
as 


a function 
of the side "I" 
of two equal square 
copper 
areas 
having 
a thickness 
of 35,.... illustrates 
this. 
In addition. 
it is 
possible 
to use an external 
heatsink 
(see illustration 
below). 


During 
soldering 
the 
pins 
temperature 
must 
not 
exceed 
230"C 
and the 
soldering 
time 
must 
not be longer 
than 
12 
seconds. 
The 
external 
heatsink 
or printed 
circuit 
copper 
area must be connected 
to electrical 
ground. 
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General Description 


The 
LMD18200 
is a 3A H-Bridge 
designed 
for motion 
con- 
trol applications. 
The device 
is built using a multi-technology 
process 
which 
combines 
bipolar and CMOS control 
circuitry 
with 
DMOS 
power 
devices 
on the 
same 
monolithic 
struc- 
ture. 
Ideal 
for 
driving 
DC 
and 
stepper 
motors; 
the 
LMD18200 
accommodates 
peak 
output 
currents 
up to 6A. 


An innovative 
circuit which facilitates 
low-loss 
sensing 
of the 
output 
current 
has been implemented. 


Features 


• 
Delivers 
up to 3A continuous 
output 


• 
Operates 
at supply 
voltages 
up to 55V 


• 
Low Ros(ON) 
typically 
0.3D. per switch 


• 
TIL 
and CMOS 
compatible 
inputs 


• 
No "shoot-through" 
current 


• 
Thermal 
warning 
flag output 
at 145·C 


• 
Thermal 
shutdown 
(outputs 
off) at 170·C 


• 
Internal 
clamp 
diodes 


• 
Shorted 
load protection 


• 
Internal 
charge 
pump with external 
bootstrap 
capability 


Applications 


• 
DC and stepper 
motor 
drives 


• 
Position 
and velocity 
servomechanisms 


• 
Factory 
automation 
robots 


• 
Numerically 
controlled 
machinery 


• 
Computer 
printers 
and plotters 
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Order 
Number 
LMD18200T 
See NS Package 
TA 11B 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors 
for 
availability 
and 
specifications. 


Total Supply Voltage 
(Vs, Pin 6) 
60V 


Voltage 
at Pins 3, 4, 5, 8 and 9 
12V 


Voltage 
at Bootstrap 
Pins (Pins 1 and 11) 
VOUT + 16V 


Peak Output Current 
(200 ms) 
6A 


Continuous 
Output Current 
(Note 2) 
3A 


Power Dissipation 
(Note 3) 
25W 


Power Dissipation 
(TA = 25·C, Free Air) 


Junction 
Temperature, 
TJ(max) 


ESD Susceptibility 
(Note 4) 


Storage 
Temperature. 
TSTG 


Lead Temperature 
(Soldering, 
10 sec.) 


3W 


150·C 


1500V 


- 65·C to + 150·C 


300·C 


Operating Ratings 
(Note 1) 


Junction 
Temperature, 
TJ 


Vs Supply Voltage 


- 40·C to + 125·C 


+12Vto 
+55V 


Electrical Characteristics 
The following 
specifications 
apply 
for Vs = 42V, unless 
otherwise 
specified. 
Boldface 
limits 
apply 
over the entire 
operating 


temperature 
range, 
- 40·C 
,,; TJ ,,; + 125·C, all other 
limits are for TA = TJ = 25·C. (Note 5) 


Symbol 
Parameter 
Conditions 
Typ 
Limit 
Units 


Ros(ON) 
Switch ON Resistance 
Output Current = 3A (Note 6) 
0.33 
0.4/0.6 
o (max) 


Ros(ON) 
Switch ON Resistance 
Output Current = 6A (Note 6) 
0.33 
0.4/0.6 
o (max) 


VCLAMP 
Clamp Diode Forward 
Drop 
Clamp Current = 3A (Note 6) 
1.2 
1.5 
V (max) 


VIL 
Logic Low Input Voltage 
Pins 3, 4,5 
-0.1 
V (min) 


0.8 
V (max) 


IlL 
Logic Low Input Current 
VIN = -0.1V, 
Pins = 3,4,5 
-10 
",A (max) 


VIH 
Logic High Input Voltage 
Pins 3, 4, 5 
2 
V (min) 


12 
V (max) 


IIH 
Logic High Input Current 
VIN = 12V, Pins = 3,4,5 
10 
",A (max) 


Current 
Sense Output 
'OUT = 1A (Note 8) 
377 
325/300 
",A (min) 


425/450 
",A (max) 


Current 
Sense 
Linearity 
1A ,,; 'OUT"; 
3A (Note 7) 
±6 
±9 
% 


Undervoltage 
Lockout 
Outputs 
turn OFF 
9 
V (min) 


11 
V (max) 


TJW 
Warning 
Flag Temperature 
Pin 9 ,,; 0.8V, IL = 2 mA 
145 
·C 


VF(ON) 
Flag Output 
Saturation 
Voltage 
TJ = TJW,IL = 2 mA 
0.15 
V 


IF(OFF) 
Flag Output 
Leakage 
VF = 12V 
0.2 
10 
",A (max) 


TJSO 
Shutdown 
Temperature 
Outputs 
Turn OFF 
170 
·C 


Is 
Quiescent 
Supply Current 
All Logic Inputs Low 
13 
25 
mA(max) 


tOon 
Output Turn-On 
Delay Time 
Sourcing 
Outputs, 
lOUT = 3A 
300 
ns 


Sinking 
Outputs, 
lOUT = 3A 
300 
ns 


Ion 
Output Turn-On 
Switching 
Time 
Bootstrap 
Capacitor 
= 10 nF 


Sourcing 
Outputs, 
lOUT = 3A 
100 
ns 


Sinking 
Outputs, 
lOUT = 3A 
80 
ns 


tOoff 
Output Turn-Off 
Delay Times 
Sourcing 
Outputs, 
lOUT = 3A 
200 
ns 


Sinking 
Outputs, 
lOUT = 3A 
200 
ns 


loff 
Output Turn-Off 
SWitching Times 
Bootstrap 
Capacitor 
= 10 nF 


Sourcing 
Outputs, 
lOUT = 3A 
75 
ns 


Sinking Outputs, 
lOUT = 3A 
70 
ns 


tpw 
Minimum 
Input Pulse Width 
Pins 3, 4 and 5 
1 
"'S 


lcpr 
Charge 
Pump Rise Time 
No Bootstrap 
Capacitor 
20 
"'S 


Electrical Characteristics Notes 


Note 1: Absolute 
Maximum Ratings indicate lim~s beyond which damage to the device may occur. DC and AC electrical specifICations do not apply when operating 


the device beyond ~s rated operating 
conditions. 


Note 2: see Application 
Information 
for details regarding current limiting. 


Note 3: The maximum 
power dissipation 
must be derated 
at elevated 
temperatures 
and is a function 
of TJ{max). 6JA. and TA. The maximum 
allowable 
power 


dissipation 
at any Jemperature 
is PO(m8X)= (TJ(max) 
- 
TIJI8 JA. or the number given in the Absolute 
Ratings. whichever 
is lower. The typical thermal resistance 
from junction to case (8Jcl is l.rrc/w and from junction to ambient (8JN is arrc/w. For guaranteed 
operation 
TJlmaxj ~ 
125"C. 


Note 4: Human-body 
model, 100 pF discharged 
through a 1.5 kn resistor. Except Bootstrap 
pins (pins 1 and 11) which are protected 
to 1000V of ESD. 


Note 5: All limits are 100% production 
tested at 25"C. Temperature 
extreme Iim~s are guaranteed 
via correlation 
using accepted sac (Statistical Qual~ 
Control) 
methods. 
All limits are used to calculate AOOL. (Average Outgoing Quality Level). 


Note 6: Output currents are pulsed (tw < 2 ms, Duty Cycle < 5%). 


Note 7: Regulation 
is calculated 
relative to the current sense output value with a 1A load. 


Note 8: selections 
for tighter tolerance 
are available. Contact factory. 


Typical Performance Characteristics 
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TUH/l0568-3 


Pinout Description 
(See Connection 
Diagram) 


Pin 
1, BOOTSTRAP 
1 Input: 
Bootstrap 
capacitor 
pin for 


half 
H-bridge 
number 
1. 
The 
recommended 
capacitor 


(10 nF) is connected 
between 
pins 1 and 2. 


Pin 2, OUTPUT 
1: Half H-bridge 
number 
1 output. 


Pin 3, DIRECTION 
Input: 
See Table 
I. This input controls 


the direction 
of current 
flow between 
OUTPUT 
1 and OUT- 


PUT 2 (pins 2 and 10) and. therefore, 
the direction 
of rota- 


tion of a motor 
load. 


Pin 
4, BRAKE 
Input: 
See 
Table 
I. This 
input 
is used 
to 


brake 
a motor 
by effectively 
shorting 
its terminals. 
When 
braking 
is desired, 
this 
input 
is taken 
to a logic 
high level 


and it is also necessary 
to apply logic high to PWM input, pin 


5. The drivers 
that 
short 
the 
motor 
are determined 
by the 
logic level at the DIRECTION 
input (Pin 3): with Pin 3 logic 
high, both 
current 
sourcing 
output 
transistors 
are ON; with 


Pin 3 logic 
low, both 
current 
sinking 
output 
transistors 
are 
ON. All output 
transistors 
can be turned 
OFF by applying 
a 
logic high to Pin 4 and a logic low to PWM input Pin 5; in this 
case only a small bias current 
(approximately 
-1.5 
mAl ex- 
ists at each output 
pin. 


Pin 5, PWM Input: 
See Table 
I. How this input (and DIREC- 


TION input, Pin 3) is used is determined 
by the format 
of the 
PWM Signal. 


Pin 6, Vs Power 
Supply 


Pin 7, GROUND 
Connection: 
This pin is the ground 
return, 


and is internally 
connected 
to the mounting 
tab. 


Pin 
8, CURRENT 
SENSE 
Output: 
This 
pin 
provides 
the 


sourcing 
current 
sensing 
output 
signal, 
which 
is typically 


377 p.AlA. 


Pin 9, THERMAL 
FLAG Output: 
This pin provides 
the ther- 


mal warning 
flag output 
signal. 
Pin 9 becomes 
active-low 
at 


145'C 
Gunction temperature). 
However 
the chip will not shut 


itself down 
until 170'C 
is reached 
at the junction. 


Pin 10, OUTPUT 
2: Half H-bridge 
number 
2 output. 


Pin 
11, BOOTSTRAP 
2 Input: 
Bootstrap 
capacitor 
pin for 


Half 
H-bridge 
number 
2. 
The 
recommended 
capacitor 


(10 nF) is connected 
between 
pins 10 and 11. 


TABLE 
I. Logic 
Truth 
Table 


PWM 
Dir 
Brake 
Active 
Output 
Drivers 


H 
H 
L 
Source 
1, Sink 2 


H 
L 
L 
Sink 1, Source 2 


L 
X 
L 
Source 
1, Source 2 


H 
H 
H 
Source 
1, Source 
2 


H 
L 
H 
Sink 1, Sink 2 


L 
X 
H 
NONE 


sovVSL Jlf JLJ 
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(PIN 3) 
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AVERAG( 
lOAO 
CURRENT 


FLOWS 
FROW 
OUTPUT 
1 


TO OUTPUT 
2 


AVERAGE 
lOAD 
CURRENT 


FLOWS 
FROW 
OUTPUT 
2 


TO OUTPUT 
1 
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Application 
Information 


TYPES 
OF PWM SIGNALS 


The 
LMD18200 
readily 
interfaces 
with 
different 
forms 
of 


PWM signals. 
Use of the part with two of the more 
popular 


forms 
of PWM is described 
in the following 
paragraphs. 


Simple, 
locked 
anti-phase 
PWM consists 
of a single, 
vari- 


able 
duty-cycle 
signal 
in which 
is encoded 
both 
direction 
and amplitude 
information. 
A 50% 
duty-cycle 
PWM 
signal 


represents 
zero drive, 
since 
the net value 
of voltage 
(inte- 


grated 
over one period) delivered 
to the load is zero. For the 


LMD18200, 
the PWM signal drives the direction 
input (pin 3) 


and the PWM input (pin 5) is tied to logic high. 


Sign/magnitude 
PWM consists 
of separate 
direction 
(sign) 


and 
amplitude 
(magnitude) 
signals. 
The 
(absolute) 
magni- 


tude 
signal 
is duty-cycle 
modulated, 
and the absence 
of a 


pulse 
signal 
(a continuous 
logic 
low level) 
represents 
zero 


drive. Current 
delivered 
to the load is proportional 
to pulse 


width. 
For the LMD18200, 
the 
DIRECTION 
input 
(pin 3) is 


driven by the sign signal and the PWM input (pin 5) is driven 
by the magnitude 
signal. 


USING THE CURRENT 
SENSE OUTPUT 


The 
CURRENT 
SENSE 
output 
(pin 8) has a sensitivity 
of 


377 IJ-Aper ampere 
of output 
current. 
For optimal 
accuracy 


and linearity 
of this signal, 
the value 
of voltage 
generating 


resistor 
between 
pin 8 and ground 
should 
be chosen 
to limit 


the maximum 
voltage 
developed 
at pin 8 to 5V, or less. The 


maximum 
voltage 
compliance 
is 12V. 


It 
should 
be 
noted 
that 
the 
recirculating 
currents 
(free 


wheeling 
currents) 
are ignored 
by the current 
sense 
circuit- 
ry. Therefore, 
only 
the currents 
in the upper 
sourcing 
out- 


puts are sensed. 


USING THE THERMAL 
WARNING 
FLAG 


The 
THERMAL 
FLAG 
output 
(pin 9) is an open 
collector 


transistor. 
This 
permits 
a wired 
OR connection 
of thermal 


warning 
flag outputs 
from 
multiple 
LMD18200's. 
and allows 


the user to set the logic high level of the output 
signal swing 


to match 
system 
requirements. 
This output 
typically 
drives 


the interrupt 
input of a system 
controller. 
The interrupt 
serv- 


ice 
routine 
would 
then 
be 
designed 
to 
take 
appropriate 


steps, such as reducing 
load currents 
or initiating 
an orderly 


system 
shutdown. 
The maximum 
voltage 
compliance 
on the 


flag pin is 12V. 


SUPPLY 
BYPASSING 


During switching 
transitions 
the levels of fast current 
chang- 


es experienced 
may cause 
troublesome 
voltage 
transients 


across 
system 
stray inductance. 


"--------, 
~(~~) 
o 
.---- 
_ 
("~~:vJLJJlm ill Jlm 


Application 
Information 
(Continued) 
It is normally necessary to bypass the supply rail with a high 
quality capacitor(s) connected as close as possible to the 
Vs Power Supply (Pin 6) and GROUND (Pin 7). A 1 ,..Fhigh- 
frequency ceramic capacitor is recommended. Care should 
be taken to limit the transients on the supply pin below the 
Absolute Maximum Rating of the device. When operating 
the chip at supply voltages above 40V a voltage suppressor 
(transorb) such as P6KE62A is recommended from supply 
to ground. Typically the ceramic capacitor can be eliminated 
in the presence of the voltage suppressor. Note that when 
driving high load currents a greater amount of supply bypass 
capacitance (in general at least 100 ,..F per Amp of load 
current) is required to absorb the recirculating currents of 
the inductive loads. 


CURRENT LIMITING 
Current limiting protection circuitry has been incorporated 
into the design of the LMD18200. With any power device it 
is important to consider the effects of the substantial surge 
currents through the device that may occur as a result of 
shorted loads. The protection circuitry monitors this in- 
crease in current (the threshold is set to approximately 10 
Amps) and shuts off the power device as quickly as possible 
in the event of an overload condition. In a typical motor 
driving application the most common overload faults are 
caused by shorted motor windings and locked rotors. Under 
these conditions the inductance of the motor (as well as any 
series inductance in the Vcc supply line) serves to reduce 
the magnitude of a current surge to a safe level for the 
LMD18200. Once the device is shut down, the control cir- 
cuitry will periodically try to turn the power device back on. 
This feature allows the immediate return to normal opera- 
tion in the event that the fault condition has been removed. 
While the fault remains however, the device will cycle in and 
out of thermal shutdown. This can create voltage transients 
on the Vcc supply line and therefore proper supply bypass- 
ing techniques are required. 
The most severe condition for any power device is a direct, 
hard-wired ("screwdriver") long term short from an output to 
ground. This condition can generate a surge of current 
through the power device on the order of 15 Amps and 
require the die and package to dissipate up to 500 Watts of 
power for the short time required for the protection circuitry 
to shut off the power device. This energy can be destruc- 
tive, particularly at higher operating voltages (>30V) 
so 


TO GATE 
DRIVE 
CIRCUIT 


TUHI 10568-6 
FIGURE 1. Internal Charge Pump CirCUitry 


some precautions are in order. Proper heat sink design is 
essential and it is normally necessary to heat sink the Vcc 
supply pin (pin 6) with 1 square inch of copper on the PCB. 


INTERNAL CHARGE PUMPAND USE OF BOOTSTRAP 
CAPACITORS 
To turn on the high-side (sourcing) DMOS power devices, 
the gate of each device must be driven approximately 8V 
more positive than the supply voltage. To achieve this an 
internal charge pump is used to provide the gate drive volt- 
age. As shown in Figure 
1,an internal capacitor is alternate- 
ly switched to ground and charged to about 14V, then 
switched to V supply thereby providing a gate drive voltage 
greater than V supply. This switching action is controlled by 
a continuously running internal 300 kHz oscillator. The rise 
time of this drive voltage is typically 20 ,..swhich is suitable 
for operating frequencies up to 1 kHz. 


For higher switching frequencies, the LMD18200 provides 
for the use of external bootstrap capacitors. The bootstrap 
principle is in essence a second charge pump whereby a 
large value capacitor is used which has enough energy to 
quickly charge the parasitic gate input capacitance of the 
power device resulting in much faster rise times. The switch- 
ing action is accomplished by the power switches them- 
selves (Figure 
2). External 10 nF capacitors, connected 
from the outputs to the bootstrap pins of each high-side 
switch provide typically less than lOOns rise times allowing 
switching frequencies up to 500 kHz. 


INTERNAL PROTECTION DIODES 
A major consideration when switching current through in- 
ductive loads is protection of the switching power devices 
from the large voltage transients that occur. Each of the four 
switches in the LMD18200 have a built-in protection diode 
to clamp transient voltages exceeding the positive supply or 
ground to a safe diode voltage drop across the switch. 
The reverse recovery characteristics of these diodes, once 
the transient has subsided, is important. These diodes must 
come out of conduction quickly and the power switches 
must be able to conduct the additional reverse recovery cur- 
rent of the diodes. The reverse recovery time of the diodes 
protecting the sourcing power devices is typically only 70 ns 
with a reverse recovery current of 1A when tested with a full 
6A of forward current through the diode. For the sinking 
devices the recovery time is typically 100 ns with 4A of re- 
verse current under the same conditions. 
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Switching Time Definitions 
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3A 
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0 
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0 


SINK 


3A 


3V 
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Typical Applications 


Fixed 
Off· Time 
Control: 
This 
circuit 
controls 
the 
current 
through 
the motor 
by applying 
an average 
voltage 
equal to 


zero to the motor terminals 
for a fixed period 
of time, when- 


ever the current 
through 
the motor 
exceeds 
the command- 
ed 
current. 
This 
action 
causes 
the 
motor 
current 
to vary 


slightly 
about 
an externally 
controlled 
average 
level. 
The 


duration 
of the 
Off-period 
is adjusted 
by the 
resistor 
and 


capacitor 
combination 
of the LM555. 
In this circuit the Sign/ 


Magnitude 
mode of operation 
is implemented 
(see Types of 


PWM Signals). 
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Typical Applications 
(Continued) 


TORQUE 
REGULATION 


Locked Anti-Phase Control of a brushed DC motor. Current sense output of the LMD18200 provides load sensing. The 
LM3525A is a general purpose PWM controller. 
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Typical Applications 
(Continued) 
.•... 
C 
VELOCITY 
REGULATION 
:5 
Utilizes 
tachometer 
output 
from the motor 
to sense 
motor 
speed for a locked 
anti-phase 
control 
loop. 
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General Description 


The LMD18201 
is a SA H-Bridge 
designed 
for motion 
con- 


trol applications. 
The device 
is built using a multi-technology 
process 
which 
combines 
bipolar and CMOS control 
circuitry 
with 
DMOS 
power 
devices 
on the 
same 
monolithic 
struc- 
ture. The H-Bridge 
configuration 
is ideal for driving 
DC and 
stepper 
motors. 
The 
LMD18201 
accommodates 
peak out- 
put currents 
up to 6A. Current 
sensing 
can be achieved 
via 
a small 
sense 
resistor 
connected 
in series 
with the power 
ground 
lead. For current 
sensing 
without 
disturbing 
the path 
of current 
to the load, the LMD18200 
is recommended. 


• 
TTL and CMOS 
compatible 
inputs 


• 
No "shoot-through" 
current 


• 
Thermal 
warning 
flag output 
at 145·C 


• 
Thermal 
shutdown 
(outputs 
off) at 170·C 


• 
Internal 
clamp 
diodes 


• 
Shorted 
load protection 


• 
Internal 
charge 
pump with external 
bootstrap 
capability 


Features 


• 
Delivers 
up to SA continuous 
output 


• 
Operates 
at supply 
voltages 
up to 55V 


• 
Low 
ROS(ON) 
typically 
O.SSO 
per switch 


Applications 


• 
DC and stepper 
motor 
drives 


• 
Position 
and velocity 
servomechanisms 


• 
Factory 
automation 
robots 


• 
Numerically 
controlled 
machinery 


• 
Computer 
printers 
and plotters 
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PW~ 5 


UNDERVOLTAGE 
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o 
Order Number 
LMD18201T 
See NS Package 
Number 
TAll 
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Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Power Dissipation 
(TA = 25·C, Free Air) 
3W 


please 
contact 
the 
National 
Semiconductor 
Sales 
Junction 
Temperature, 
TJ(max) 
1500C 
Office/Distributors 
for 
availability 
and 
specifications. 
ESD Susceptibility 
(Note 4) 
1500V 
Total Supply Voltage 
(Vs, Pin 6) 
60V 
Storage 
Temperature, 
TSTG 
- 65·C to + 1500C 
Voltage 
at Pins 3, 4, 5 and 9 
12V 
Lead Temperature 
(Soldering, 
10 sec.) 
300·C 
Voltage 
at Bootstrap 
Pins (Pins 1 and 11) 
VOUT + 
16V 


Peak Output 
Current 
(200 ms) 
6A 
Operating Ratings 
(Note 1) 


Continuous 
Output 
Current 
(Note 2) 
3A 
Junction 
Temperature, 
TJ 
- 400C to + 125·C 


Power Dissipation 
(Note 3) 
25W 
Vs Supply Voltage 
+12Vto 
+55V 


Sense Voltage 
(Pin 7 to Pin 8) 
+0.5Vto 
-1.0V 


Electrical Characteristics 
The following 
specifications 
apply 
for Vs = 42V, unless 
otherwise 
specified. 
Boldface 
limits apply 
over the entire 
operating 
temperature 
range, 
-400C 
s: TJ s: + 125·C, all other 
limits are for TA = TJ = 25·C. (Note 
5) 


Symbol 
Parameter 
Conditions 
Typ 
Umit 
Units 


ROS(ON) 
Switch 
ON Resistance 
. 


Output Current = 3A (Note 6) 
0.33 
0.4/0.6 
o (max) 


ROS(ON) 
Switch 
ON Resistance 
Output Current = 6A (Note 6) 
0.33 
0.4/0.6 
o (max) 


VCLAMP 
Clamp Diode Forward 
Drop 
Clamp Current = 3A (Note 6) 
1.2 
1.5 
V (max) 


VIL 
Logic Low Input Voltage 
Pins 3, 4, 5 
-0.1 
V (min) 


0.8 
V (max) 


IlL 
Logic Low Input Current 
VIN = -O.1V, 
Pins = 3,4,5 
-10 
IJ-A(max) 


VIH 
Logic High Input Voltage 
Pins3,4,5 
2 
V (min) 
. 
12 
V (max) 


IlL 
Logic High Input Current 
\ 
VIN = 12V, Pins = 3,4,5 
10 
IJ-A(max) 


Undervoltage 
Lockout 
Outputs 
Turn OFF 
9 
V (min) 


11 
V (max) 


TJW 
Warning 
Flag Temperature 
Pin 9 s: 0.8V, IL = 2 mA 
145 
·C 


VF(ON) 
Flag Output Saturation 
Voltage 
TJ = TJW,IL = 2mA 
0.15 
V 


IF(OFF) 
Flag Output 
Leakage 
VF = 12V 
0.2 
10 
IJ-A(max) 


TJSO 
Shutdown 
Temperature 
Outputs 
Turn OFF 
170 
·C 


Is 
Quiescent 
Supply Current 
All Logic Inputs Low 
13 
25 
mA(max) 


to(ON) 
Output Turn-On 
Delay TIme 
Sourcing 
Outputs, 
lOUT = 3A 
300 
ns 


Sinking 
Outputs, 
lOUT = 3A 
300 
ns 


toN 
Output Turn-On 
SWitching Time 
Bootstrap 
Capacitor 
= 10 nF 


Sourcing 
Outputs, 
lOUT = 3A 
100 
ns 


Sinking Outputs, 
lOUT = 3A 
80 
ns 


to(OFF) 
Output Turn-Off 
Delay Times 
Sourcing 
Outputs, 
lOUT = 3A 
200 
ns 


Sinking Outputs, 
lOUT = 3A 
200 
ns 


toFF 
Output Turn-Off 
SWitching Times 
Bootstrap 
Capacitor 
= 10 nF 


Sourcing 
Outputs, 
lOUT = 3A 
75 
ns 


Sinking 
Outputs, 
lOUT = 3A 
70 
ns 


tpw 
Minimum 
Input Pulse Width 
Pins 3, 4 and 5 
1 
IJ-s 


!cPR 
Charge 
Pump Rise Time 
No Bootstrap 
Capacitor 
20 
IJ-s 


Electrical Characteristics 
(Continued) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications 
do not apply when operating 
the device beyond its rated operating 
conditions. 


Note 2: See Application 
Information 
for details regarding current limiting. 


Not8 3: The maximum 
power dissipation 
must be derated 
at elevated 
temperatures 
and is a function 
of TJ(max). 9JA. and TA. The maximum 
allowable 
power 
dissipation 
at any temperature 
is PD(max) = (TJ(max) - 
TN/8JA. 
or the number given in the Absolute 
Ratings, whichever 
is lower. The typical thermal resistance 
from junction to case (8Jd is 1JYC/W 
and from junction to ambient 
(8JAJ is 30°C/W. 
For guaranteed 
operation 
TJ{max) = 125°C. 


Note 4: Human-body 
model, 100 pF discharged 
through a 1.5 kn resistor. Except Bootstrap 
pins (pins 1 and 11) which are protected 
to 1000V of ESO. 


Note 5: All limits are 100% production 
tested at 25°C. Temperature 
extreme limits are guaranteed via correlation 
using accepted sac (Statistical 
Quality Control) 


methods. All limits are used to calculate 
AOQl, 
(Average Outgoing Quality Level). 


Note 6: Output currents 
are pulsed (tw < 2 ms, Duty Cycle < 5%). 


Typical Performance Characteristics 


ROS(ON)vs 
VSATvs Flag Current 
ROS(ON)vs Temperature 
Supply Voltage 


350 
1.8 
o..c 
I 
I 
0.39 
It. = 3A 


300 
1.6 
/ 
0.38 
TJ = 250(; I 
I 


s:- 
TJ = 15O"C 


./ 
Z 
I I 
.§. 
e 
'" 


0.37 


250 
1.4 
~ 
HI-SlOE, 
~ 
./ 
~ 
V 
0 
0.36 \ 
I 
..... 


<> 
200 
12 
I 
0.35 
~ 
~ 
~ 
z 
....4-"" 


0 
l/ 
':i! 
/' 
i 


0.,l.I 
- 
150 
~ 
1.0 
Lo-SIOC 
} 
'" 
/ 
0.33 


I 
~ 
./ 
~ 
,/ 
0.32 
100 
0.8 
I 
.••. 
0.31 
I 
0.6 
0.30 
1.5 
2.02.53.03.5-4.0 
4.5 
5.0 
-55 -35 -15 
5 
25 
-45 6S 55 105125 
10 
15 
202530 
35 
.c-45 
5055 


FLAG CURRENT(mA) 
JUNcnON TEWPERATURE(0(;) 
SUPPLYVOLTAG£ 


Supply Current vs 
Supply Current vs 
Supply Current vs 
Supply Voltage 
Frequency (Vs = 42V) 
Temperature (Vs = 42V) 


20 
18 
18 


16 
17 
16 
1 
OUJUTS H! 
1 
1 
......•• 


.•...... 


16 
14 
§ 
12 
~ 
~ 
........ 
- /' 
......•• 


l--' 
15 
i1i 
12 
a 
OUTPUTSLOW 
a 
1/ 
a 
..•... 


~ 


8 


~ 
/' 
~ 
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14 
10 


4 
/ 


;;: 
;;: 
13 
8 


12 
6 
10 
20 
30 
.c 
50 
60 
1 
10 
100 
-55 
-30 
-5 
20 
-45 
70 
95 
120 1-45 


SUPPLY VOLTAG£(VOLTS) 
SWrTCHINGFREQUENCY(kHz) 
JUNCTlONTEWPERATURE(0(;) 
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Test Circuit 
Switching Time Definitions 


11 
'~;F 
+SV 
II 
I 
50%.~ 
PWW 
f---+ SINK 
INPUT 
.- 
50% 
+5V 
5 
10 
0-1 


12/\ 
-- 
~- 
td(ON) 
...•. 
- 
td(OFrl 
DIR 


INPUT 
3 
6 


~1200}JF 


Vs = 42V 
3A 
V 


.- 
90% 
90% -- 
\ 
~ 
SOURCE 
0 
0.1/\ 
- - 10% 
BRAKE 
N 
0- 
... - 
10% - 
- - 
4 
"" 
7 
..L 
~ 
-b 
- 
-\0") 
- 
-\OFr> 
Cl 
SENSE 
::E 
12/\ 
RESISTOR - 
0- 
.., - 
....- 
~ 
-- 
10% 
10%· 
- 


2 
SINK 
i\ 
J 
._ 
90% 
90%. 
__ 
10 nF 
--+ SOURCE 
3A 
II 
1 
II 
0.3V 
~ 


8 
SENSE 
- 
0 


TLIH/10793-B 
TLIH/10793-9 


Pinout Description (See Connection 
Diagram) 


Pin 
1, BOOTSTRAP 
1 Input: 
Bootstrap 
capacitor 
pin for 
half 
H-Bridge 
number 
1. 
The 
recommended 
capacitor 
(10 nF) is connected 
between 
pins 1 and 2. 


Pin 2, OUTPUT 
1: Half H-Bridge 
number 
1 output. 


Pin 3, DIRECTION 
Input: 
See Table 
I. This input 
controls 
the direction 
of current 
flow between 
OUTPUT 
1 and OUT- 
PUT 2 (pins 2 and 10) and, therefore, 
the direction 
of rota- 
tion of a motor 
load. 


Pin 
4, BRAKE 
Input: 
See 
Table 
I. This 
input 
is used 
to 
brake 
a motor 
by effectively 
shorting 
its terminals. 
When 
braking 
is desired, 
this 
input 
is taken 
to a logic 
high level 
and it is also necessary 
to apply logic high to PWM input, pin 
5. The drivers 
that 
short 
the 
motor 
are determined 
by the 
logic level at the DIRECTION 
input (Pin 3): with Pin 3 logic 
high, both 
current 
sourcing 
output 
transistors 
are ON; with 
Pin 3 logic 
low, both 
current 
sinking 
output 
transistors 
are 
ON. All output 
transistors 
can be turned 
OFF by applying 
a 
logic high to Pin 4 and a logic low to PWM input Pin 5; in this 
case only a small bias current 
(approximately 
-1.5 
mAl ex- 
ists at each output 
pin. 


Pin 5, PWM Input: 
See Table 
I. How this input (and DIREC- 


TION input, Pin 3) is used is determined 
by the format 
of the 
PWM Signal. 


Pin 6, Vs Power 
Supply 


Pin 7, POWER 
GROUND/SENSE 
Connection: 
This pin is 
the ground 
return for the power 
DMOS transistors 
of the H- 
Bridge. The current 
through 
the H-Bridge 
can be sensed 
by 
adding 
a small, 
0.1 n, sense 
resistor 
from 
this 
pin to the 
power 
supply 
ground. 


Pin 8, SIGNAL 
GROUND: 
This is the ground 
return 
for the 
internal 
logic circuitry 
used to control 
the PWM SWitching of 
the H-Bridge. 


Pin 9, THERMAL 
FLAG 
Output: 
This pin provides 
the ther- 
mal warning 
flag output 
signal. 
Pin 9 becomes 
active-low 
at 
145·C ijunction 
temperature). 
However 
the chip will not shut 
itself down 
until 170·C is reached 
at the junction. 


Pin 10, OUTPUT 
2: Half H-Bridge 
number 
2 output. 


Pin 
11, BOOTSTRAP 
2 Input: 
Bootstrap 
capacitor 
pin for 
half 
H-Bridge 
number 
2. 
The 
recommended 
capacitor 
(10 nF) is connected 
between 
pins 10 and 11. 


TABLE 
I. Logic 
Truth 
Table 


PWM 
Dir 
Brake 
Active 
Output 
Drivers 


H 
H 
L 
Source 
1, Sink 2 


H 
L 
L 
Sink 1, Source 2 


L 
X 
L 
Source 
1, Source 2 


H 
H 
H 
Source 
1, Source 2 


H 
L 
H 
Sink 1, Sink 2 


L 
X 
H 
NONE 


~~:SLruJU 


V01-V~.~* 
Flfill 
-v, 


AVD.AG£. lOAD 
AVERAGE LOAD CURRENT 
AvrRAGI: 
lOAD 
CURRENT 
CURROO = 0 
nows 
rROW OUTPUT 1 
FlOWS FRO•• OUTPUT2 
TO OUTPUT 2 
TO OUTPUT 1 
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Application Information 


TYPES 
OF PWM SIGNALS 


The 
LMD18201 
readily 
interfaces 
with 
different 
forms 
of 
PWM signals. 
Use of the part with two of the more 
popular 
forms 
of PWM is described 
in the following 
paragraphs. 


Simple, 
locked 
anti-phase 
PWM consists 
of a single, vari- 


able 
duty-cycle 
signal 
in which 
is encoded 
both 
direction 
and amplitude 
information. 
A 50% 
duty-cycle 
PWM 
signal 
represents 
zero drive, 
since 
the net value 
of voltage 
(inte- 
grated over one period) 
delivered 
to the load is zero. For the 
LMD18201, 
the PWM signal drives the direction 
input (pin 3) 
and the PWM input (pin 5) is tied to logic high. 


Sign/magnitude 
PWM consists 
of separate 
direction 
(sign) 
and 
amplitude 
(magnitude) 
signals. 
The 
(absolute) 
magni- 
tude 
signal 
is duty-cycle 
modulated, 
and the absence 
of a 
pulse 
signal 
(a continuous 
logic 
low level) 
represents 
zero 
drive. Current 
delivered 
to the load is proportional 
to pulse 
width. 
For the 
LMD18201, 
the 
DIRECTION 
input 
(pin 3) is 
driven by the sign signal and the PWM input (pin 5) is driven 
by the magnitude 
signal. 


USING THE THERMAL 
WARNING 
FLAG 


The 
THERMAL 
FLAG 
output 
(pin 9) is an open 
collector 
transistor. 
This 
permits 
a wired 
OR connection 
of thermal 
warning 
flag outputs 
from 
multiple 
LMD18201 
's, and allows 
the user to set the logic high level of the output 
signal swing 
to match 
system 
requirements. 
This output 
typically 
drives 
the interrupt 
input of a system 
controller. 
The interrupt 
serv- 


ice 
routine 
would 
then 
be 
designed 
to 
take 
appropriate 
steps, 
such as reducing 
load currents 
or initiating 
an orderly 
system 
shutdown. 
The maximum 
voltage 
compliance 
on the 
flag pin is 12V. 


SUPPLY 
BYPASSING 


During switching 
transitions 
the levels of fast current 
chang- 
es experienced 
may cause 
troublesome 
voltage 
transients 
across 
system 
stray inductances. 


It is normally 
necessary 
to bypass the supply 
rail with a high 
quality 
capacitor(s) 
connected 
as close 
as possible 
to the 
Vs Power 
Supply 
(Pin 6) and POWER 
GROUND 
(Pin 7). A 
1 JLF high-frequency 
ceramic 
capacitor 
is recommended. 


Care should 
be taken 
to limit the transients 
on the supply 
pin 
below 
the 
Absolute 
Maximum 
Rating 
of 
the 
device. 
When 
operating 
the 
chip 
at supply 
voltages 
above 
40V 
a 
voltage 
suppressor 
(transorb) 
such 
as P6KE62A 
is recom- 
mended 
from 
supply 
to ground. 
Typically 
the 
ceramic 
ca- 
pacitor 
can 
be eliminated 
in the 
presence 
of the 
voltage 
suppressor. 
Note 
that 
when 
driving 
high 
load 
currents 
a 
greater 
amount 
of supply 
bypass 
capacitance 
(in general 
at 
least 100 JLF per Amp of load current) 
is required 
to absorb 
the recirculating 
currents 
of the inductive 
loads. 


sv-------- 
_CIIOIl 
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Application 
Information 
(Continued) 


CURRENT 
LIMITING 


Current 
limiting 
protection 
circuitry 
has been 
incorporated 
into the design 
of the LMD18201. 
With any power 
device 
it 
is important 
to consider 
the effects 
of the substantial 
surge 
currents 
through 
the device 
that may occur 
as a result 
of 
shorted 
loads. 
The protection 
circuitry 
monitors 
the current 
through 
the 
upper 
transistors 
and shuts 
off the 
power 
de- 
vice as quickly 
as possible 
in the event of an overload 
con- 
dition 
(the threshold 
is set to approximately 
lOA). 
In a typi- 
cal 
motor 
driving 
application 
the 
most 
common 
overload 
faults 
are 
caused 
by shorted 
motor 
windings 
and 
locked 
rotors. 
Under these 
conditions 
the inductance 
of the motor 
(as well 
as any series 
inductance 
in the 
Vcc 
supply 
line) 
serves 
to reduce 
the magnitude 
of a current 
surge to a safe 
level for the LMD18201. 
Once the device 
is shut down, 
the 
control 
circuitry 
will periodically 
try to turn the power device 
back on. This feature 
allows 
the immediate 
return to normal 
operation 
once the fault condition 
has been removed. 
While 
the fault remains 
however, 
the device will cycle in and out of 
thermal 
shutdown. 
This can create 
voltage 
transients 
on the 
Vcc supply line and therefore 
proper supply bypassing 
tech- 
niques 
are required. 


The most severe 
condition 
for any power device 
is a direct, 
hard-wired 
("screwdriver") 
long term short from an output to 
ground. 
This 
condition 
can 
generate 
a surge 
of 
current 
through 
the 
power 
device 
on the 
order 
of 
15 Amps 
and 
require 
the 
die and 
package 
to dissipate 
up to 
500W 
of 
power 
for the short time required 
for the protection 
circuitry 
to shut off the power 
device. 
This energy 
can be destruc- 
tive, 
particularly 
at 
higher 
operating 
voltages 
(>30V) 
so 
some 
precautions 
are in order. 
Proper 
heat 
sink design 
is 
essential 
and it is normally 
necessary 
to heat sink the Vcc 
supply 
pin (pin 6) with 
1 square 
inch of copper 
on the PC 
board. 


TO GATE 
DRIVE 
CIRCUIT 


TLIH/10793-6 
FIGURE 
1. Internal 
Charge 
Pump Circuitry 


INTERNAL 
CHARGE 
PUMP AND USE OF 
BOOTSTRAP 
CAPACITORS 


To turn on the high-side 
(sourcing) 
DMOS 
power 
devices, 
the 
gate 
of each 
device 
must 
be driven 
approXimately 
8V 
more 
positive 
than 
the 
supply 
voltage. 
To achieve 
this an 
internal 
charge 
pump is used to provide 
the gate drive volt- 
age. As shown 
in Figure 
1, an internal 
capacitor 
is alternate- 


ly switched 
to 
ground 
and 
charged 
to 
about 
14V, 
then 
switched 
to Vs thereby 
providing 
a gate drive voltage 
great- 
er than Vs. This SWitching action 
is controlled 
by a continu- 
ously 
running 
internal 
300 
kHz oscillator. 
The 
rise time 
of 
this drive voltage 
is typically 
20 )J-swhich 
is suitable 
for op- 
erating 
frequencies 
up to 1 kHz. 


For higher 
switching 
frequencies, 
the 
LMD18201 
provides 
for the use of exfernal 
bootstrap 
capacitors. 
The bootstrap 
principle 
is in essence 
a second 
charge 
pump 
Whereby 
a 
large value 
capacitor 
is used which 
has enough 
energy 
to 
quickly 
charge 
the 
parasitic 
gate 
input 
capacitance 
of the 
power device 
resulting 
in much faster rise times. The switch- 
ing action 
is accomplished 
by the 
power 
switches 
them- 
selves 
(Figure 
2). External 
10 
nF 
capacitors, 
connected 
from 
the 
outputs 
to the 
bootstrap 
pins 
of each 
high-side 
switch 
provide 
typically 
less than 
100 ns rise times 
allowing 
switching 
frequencies 
up to 500 kHz. 


INTERNAL 
PROTECTION 
DIODES 


A major 
consideration 
when 
switching 
current 
through 
in- 
ductive 
loads 
is protection 
of the SWitching 
power 
devices 


from the large voltage 
transients 
that occur. Each of the four 
switches 
in the LMD18201 
have a built-in 
protection 
diode 
to clamp transient 
voltages 
exceeding 
the positive 
supply or 
ground 
to a safe diode voltage 
drop across 
the switch. 


The reverse 
recovery 
characteristics 
of these 
diodes, 
once 
the transient 
has subsided, 
is important. 
These 
diodes 
must 
come 
out 
of conduction 
quickly 
and 
the 
power 
switches 
must be able to conduct 
the additional 
reverse 
recovery 
cur- 
rent of the diodes. 
The reverse 
recovery 
time of the diodes 
protecting 
the sourcing 
power devices 
is typically 
only 70 ns 
with a reverse 
recovery 
current 
of 1A when tested 
with a full 
3A of forward 
current 
through 
the 
diode. 
For the 
sinking 
devices 
the recovery 
time is typically 
100 ns with 4A of re- 
verse 
current 
under the same conditions. 


TO GATE 
DRIVE 


CIRCUIT ---1 
EXTERNAL 
BOOTSTRAP 
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Typical Applications 


BASIC MOTOR 
DRIVER 


The LMD18201 can directly interface to any Sign/Magni- 
tude PWM controller. The LM629 is a motion control proc- 
essor that outputs a Sign/Magnitude PWM signal to coordi- 
nate either positional or velocity control of DC motors. The 
LMD18201 provides fully protected motor driver stage. 


CURRENT 
SENSING 


In many motor control applications it is desirable to sense 
and control the current through the motor. For these types 
of applications a companion product, the LMD18200, is also 
available. The LMD18200 is identical to the LMD18201 but 
has current sensing transistors that output a current directly 
proportional to the current conducted by the two upper 
DMOS power devices to a separate current sense pin. This 
technique does not require a low valued, power sense resis- 
tor and does not subtract from the available voltage drive to 
the motor. 


To sense the bridge current through the LMD18201 requires 
the addition of a small sense resistor between the power 
ground/sense pin (Pin 7) and the actual circuit ground. This 
resistor should have a value of 0.10 or less to stay within 
the allowable voltage compliance of the sense pin, particu- 
larly at higher operating current levels. The voltage between 
power ground/sense (Pin 7) and the signal ground (Pin 8) 
must stay within the range of -1V 
to +0.5V. Internally 
there is approximately 250 between pins 7 and 8 and this 
resistance will slightly reduce the value of the external 
sense resistor. Approximately 70% of the quiescent supply 
current (10 mAl flows out of pin 7. This will cause a slight 
offset to the voltage across the sense resistor when the 
bridge is not conducting. During reverse recovery of the in- 
ternal protection diodes the voltage compliance between 
pins 7 and 8 may be exceeded. The duration of these spikes 
however are only approximately 100 ns and do not have 
enough time or energy to disrupt the operation of the 
LMD18201. 
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LMD18245 
3A, 55V DMOS Full-Bridge Motor Driver 


General Description 
The LMD18245 full-bridge power amplifier incorporates all 
the circuit blocks required to drive and control current in a 
brushed type DC motor or one phase of a bipolar stepper 
motor. The multi-technology process used to build the de· 
vice combines bipolar and CMOS control and protection cir- 
cuitry with DMOS power switches on the same monolithic 
structure. The LMD18245 controls the motor current via a 
fixed off·time chopper technique. 
An all DMOS H-bridge power stage delivers continuous out- 
put currents up to 3A (6A peak) at supply voltages up to 
55V. The DMOS power switches feature low RDS(ON) 
for 
high efficiency, and a diode intrinsic to the DMOS body 
structure eliminates the discrete ·diodestypically required to 
clamp bipolar power stages. 
An innovative current sensing method eliminates the power 
loss associated with a sense resistor in series with the mo- 
tor. A four-bit digital-to-analog converter (DAC) provides a 
digital path for controlling the motor current, and, by exten- 
sion, simplifies implementation of full, half and microstep 
stepper motor drives. For higher resolution applications, an 
external DAC can be used. 


Features 
• 
DMOS power stage rated at 55V and 3A continuous 
• 
Low RDS(ON) 
of typically 0.30 per power switch 
• 
Internal clamp diodes 
• 
Low-loss current sensing method 
• 
Digital or analog control of motor current 
• 
TIL and CMOS compatible inputs 
• 
Thermal shutdown (outputs off) at TJ = 155'C 
• 
Overcurrent protection 
• 
No shoot-through currents 
• 
15-lead TO-220 molded power package 


Applications 
• 
Full, half and microstep stepper motor drives 
• 
Stepper motor and brushed DC motor servo drives 
• 
Automated factory, medical and office equipment 


Order 
Number 
LMD18245T 
See NS Package 
Number 
TA 15A 
• 
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Office/Distributors for availability and specifications. 
Lead Temperature 
(Soldering, 
10 seconds) 
300'C 
DC Voltage 
at: 
OUT 1, Vee, and OUT 2 
+sov 
Operating Conditions 
(Note 1) 
COMP OUT, RC, M4, M3, M2, M1, BRAKE, 
+12V 
DIRECTION, 
CS OUT, and DAC REF 
Temperature 
Range (TJ) (Note 3) 
- 40'C to + 125'C 


DC Voltage 
PGND to SGND 
±400mV 
Supply Voltage 
Range (Vee) 
+12Vto 
+55V 


Continuous 
Load Current 
3A 
CS OUT Voltage 
Range 
OVto 
+5V 


Peak Load Current 
(Note 2) 
SA 
DAC REF Voltage 
Range 
OVto 
+5V 


Junction 
Temperature 
(TJ(max») 
+150'C 
MONOST ABLE Pulse Range 
10 ",s to 100 ms 


Power 
Dissipation 
(Note 3): 
TO-220 
(TA = 25'C, 
Infinite 
Heatsink) 
25W 


TO-220 
(TA = 25'C, 
Free Air) 
3.5W 


Electrical Characteristics 
The following 
specifications 
apply for Vee = +42V, 
unless otherwise 
stated. Bold· 
tace limits apply over the operating 
temperature 
range, 
- 40'C 
,;:T J ,;: + 125'C. 
All other 
limits apply for TA = 
TJ = 25'C. 
(Note 2) 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 
(Note 5) 
(Note 5) 
(Limits) 


Ice 
Quiescent 
Supply Current 
DAC REF = OV, Vee = +20V 
8 
mA 


15 
mA(max) 


POWER OUTPUT STAGE 


RDS(ON) 
Switch 
ON Resistance 
ILOAD = 3A 
0.4 
.n (max) 


0.3 
- 
0.6 
.n (max) 


ILOAD = SA 
0.3 
0.4 
.n (max) 


0.6 
.n (max) 


VDIODE 
Body Diode Forward 
Voltage 
IDIODE = 3A 
1.0 
V 


1.5 
V(max) 


Trr 
Diode Reverse 
Recovery 
Time 
IDIODE = 1A 
80 
ns 


Qrr 
Diode Reverse 
Recovery 
Charge 
IDIODE = 1A 
40 
nC 


tD(ON) 
Output Turn ON Delay Time 


Sourcing 
Outputs 
ILOAD = 3A 
5 
",s 


Sinking 
Outputs 
'LOAD = 3A 
900 
ns 


tD(OFF) 
Output Turn OFF Delay Time 


Sourcing 
Outputs 
ILOAD = 3A 
SOO 
ns 


Sinking 
Outputs 
ILOAD = 3A 
400 
ns 


toN 
Output Turn ON Switching 
Time 


Sourcing 
Outputs 
ILOAD = 3A 
40 
",s 


Sinking 
Outputs 
ILOAD = 3A 
1 
",s 


toFF 
Output Turn OFF Switching 
Time 


Sourcing 
Outputs 
ILOAD = 3A 
200 
ns 


Sinking 
Outputs 
ILOAD = 3A 
80 
ns 


lpw 
Minimum 
Input Pulse Width 
Pins 10 and 11 
~ 
2 
",s 


tDS 
Minimum 
Dead Band 
(NoteS) 
40 
ns 


Electrical Characteristics 
The following 
specifications 
apply for Vcc = 
+ 42V, unless otherwise 
stated. Bold· 
face limits apply over the operating temperature range, - 40·C :s; T•• :s; + 125·C. All other 
limits apply for TA = 
TJ = 25·C. (Note 2) (Continued) 


Symbol 
Parameter 
Conditions 
Typical 
Limit 
Units 


(Note 
5) 
(Note 
5) 
(Limits) 


CURRENT 
SENSE AMPLIFIER 


Current 
Sense 
Output 
ILOAD = 1A (Note 7) 
200 
,...A(min) 


250 
175 
,...A(min) 


300 
,...A(max) 


325 
,...A(max) 


Current 
Sense 
Linearity 
Error 
0.5A :s; ILOAD :s; 3A (Note 7) 
±6 
% 


±9 
%(max) 


Current 
Sense Offset 
ILOAD = OA 
5 
,...A 


20 
,...A(max) 


DIGITAL-TO-ANALOG 
CONVERTER 
(DAC) 


Resolution 
4 
Bits (min) 


Monotonicity 
4 
Bits (min) 


Total Unadjusted 
Error 
0.125 
0.25 
LSB (max) 


0.5 
LSB (max) 


Propagation 
Delay 
50 
ns 


IREF 
DAC REF Input Current 
DACREF 
= +5V 
-0.5 
,...A 
±10 
,...A(max) 


COMPARATOR 
AND MONOSTABLE 


Comparator 
High Output 
Level 
6.27 
V 


Comparator 
Low Output 
Level 
88 
mV 


Comparator 
Output Current 


Source 
0.2 
mA 


Sink 
3.2 
mA 


tDELAY 
Monostable 
Turn OFF Delay 
(Note 8) 
1.2 
,...s 


2.0 
,...s(max) 


PROTECTION 
AND PACKAGE 
THERMAL 
RESISTANCES 


Undervoltage 
Lockout, 
Vcc 
5 
V (min) 


8 
V (max) 


TJSD 
Shutdown 
Temperature, 
TJ 
155 
·C 


Package 
Thermal 
Resistances 


9JC 
Junction-to-Case, 
TO-220 
1.5 
·C/W 


9JA 
Junction-to-Ambient, 
TO-220 
35 
·C/W 


LOGIC 
INPUTS 


VIL 
Low Level Input Voltage 
-0.1 
V (min) 


0.8 
V (max) 


VIH 
High Level Input Voltage 
2 
V (min) 


12 
V (max) 


IIN 
Input Current 
VIN = OVor 12V 
±10 
,...A(max) • 


Electrical Characteristics 
The following 
specifications 
apply for Vcc = + 42V, unless otherwise 
stated. Bold- 
face limits apply over the operating temperature range, - 40·C ,;;TJ ,;;+ 125·C. All other limits apply for TA = 
TJ = 2S·C. (Note 2) (Continued) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Electrical specifications 
do not apply when operating the device 
outside the rated Operating Conditions. 


Note 2: Unless otherwise 
state.d. load currents are pulses with widths less than 2 ms and duty cycles less than 5%. 


Note 3: The maximum allowable 
power dissipation at any ambient temperature 
is PMax = (125 - 
T/J19JA. 
where 125°C is the maximum junction temperature 
for 


operation, TA is the ambient temperature 
in ·C, and BJAis the junction·to-ambient 
thermal resistance in ·C/W. 
Exceeding Pmaxvoids the Electrical Specifications 
by 


forcing TJ above 12SoC.1f the junction temperature 
exceeds 
1SSoC,internal circuitry disables the power bridge. When a heatsink is used, 6JA is the sum of the 
junction-to-case 
thermal resistance 
of the package, 6JC, and the case-to-ambient 
thermal resistance 
of the heatsink. 


Note 4: ESO rating is based on the numan body model of 100 pF discharged 
through a 1.S kfi resistor. M1, M2, M3 and M4, pins 8,7,6 
and 4 are protected 
to 
BOOV. 


Note 5: AJllimits are 100% production 
tested at 2SoC. Temperature 
extreme limits are guaranteed via correlation 
using accepted 
SQC (Statistical Quality Control) 


methods. 
All limits are used to calculate 
AOQL (Average Outgoing Quality Level). Typicals are at TJ = 2SoC and represent 
the most likely parametric 
norm. 


Note 6: Asymmetric 
turn OFF and ON delay times and switching times ensure a switch turns OFF before the other switch in the same half H-bridge begins to turn 


ON (preventing 
momentary 
short circuits between the power supply and ground). The transitional 
period dUring whiCh both switches are OFF is commonty referred 


to as the dead band. 


Note 7: (ILOAD, ISENSE)data points are taken for load currents of O.SA, 1A, 2A and 3A. The current sense gain is specified as ISENSE"LOAD for the 1A data point. 
The current sense linearity is specified as the slope of the line between the O,SA and 1A data points minus the slope of the line between the 2A and 3A data points 
all divided by the slope of the line between the O.5Aand 1A data points. 


Note 8: Turn OFF delay, tOELAY,is defined as the time from the voltage at the output of the current sense amplifier reaching the OAC output voltage to the lower 
DMOS switch beginning to turn OFF. With Vcc ~ 32V.DIRECTION high, and 200n connected 
between OUT1 and Vcc. the voltage at RC is increased from OVto 
5V at 1.2V/j.Ls, and tOELAYis measured as the time from the voltage at RC reaching 2V to the time the voltage at OUT 1 reaches 3V. 


Typical Performance Characteristics 
. 


. 
RDS(ON)vs 
RDS(ON) 
vs Temperature 
RDS(ON) 
vs Load 
Current 
Supply 
Voltage 


0.5 
0.40 
0.30 
..• 


Vcc = 42V 
Vee = (2V 
~OAD = 3A 


~OAD = 3A 
TJ = 25°C 
0.29 
TJi25,OC 


0.35 
LOW SIDE 
~ 
0.4 
/ 
~ 
~ 


0.28 


z 
z 
0.30 
z 
0.27 
T 


0 
/' 


0 
0 
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~ 
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~ 
~ 
0.26 
H,'GH slotl 
'/ 
0.25 
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./I 
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/' 
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0.2 
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-55 
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JUNCTION TEIllPERATURE.(OC) 
LOAO CURRENT (A) 
SUPPLY VOLTAGE (v) 


Current 
Sense 
Output 
Supply 
Current 
vs 
Supply 
Current 
vs 
vs Load 
Current 
Supply 
Voltage 
Temperature 


800 
l 


~ 


7 
8, 
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TL/H/11878-27 


OUT 2 


DAC REF 


CS OUT 


SGND 


DIRECTION 


BRAKE 
vCC 
M1 


M2 
M3 


PGND 
M. 


RC 


CaMP 
OUT 


OUT 1 


o 
o 


Top View 


15·Lead 
TO·220 
Molded 
Power 
Package 
Order 
Number 
LMD18245T 
See NS Package 
Number 
TA 15A 


Pinout Descriptions 
(See Functional 
Block 
and Connection 
Diagrams) 


Pin 1, OUT 
1: Output 
node of the first half H-bridge. 


Pin 2, COMP 
OUT: Output 
of the comparator. 
If the voltage 
at CS OUT exceeds 
that provided 
by the DAC, the compara- 


tor triggers 
the monostable. 


Pin 
3, 
RC: 
Monostable 
timing 
node. 
A 
parallel 
resistor- 


capacitor 
network 
connected 
between 
this node and ground 


sets the monostable 
timing 
pulse at about 
1.1 RC seconds. 


Pin 5, PGND: Ground 
return node of the power bridge. Bond 


wires 
(internal) 
connect 
PGND 
to the 
tab 
of the 
TO-220 
package. 


Pins 
4 and 
6 through 
8, M4 through 
Ml: 
Digital 
inputs 
of 


the 
DAC. These 
inputs 
make 
up a four-bit 
binary 
number 
with 
M4 as the most 
significant 
bit or MSB. The 
DAC pro- 
vides 
an analog 
voltage 
directly 
proportional 
to the binary 


number 
applied 
at M4 through 
M1. 


Pin 9, Vcc: 
Power 
supply 
node. 


Pin 10, BRAKE: 
Brake logic input. Pulling the BRAKE 
input 
logic-high 
activates 
both 
sourcing 
switches 
of the 
power 
bridge-effectively 
shorting 
the load. See Table 
I. Shorting 


the load in this manner 
forces 
the load current 
to recirculate 


and decay 
to zero. 


Pin 11, DIRECTION: 
Direction 
logic input. The logic level at 


this input 
dictates 
the direction 
of current 
flow 
in the load. 


See Table 
I. 


Pin 
12, SGND: 
Ground 
return 
node 
of all signal 
level 
cir- 


cuits. 


Pin 13, CS OUT: Output 
of the current 
sense 
amplifier. 
The 
current 
sense amplifier 
sources 
250 I-'A (typical) 
per ampere 


of 
total 
forward 
current 
conducted 
by 
the 
upper 
two 


switches 
of the power 
bridge. 


Pin 14, DAC REF: Voltage 
reference 
input of the DAC. The 


DAC 
provides 
an 
analog 
voltage 
equal 
to 
VOAe 
REF x 


D/16, 
where 
D is the decimal 
equivalent 
(0-15) 
of the bina- 


ry number 
applied 
at M4 through 
M1. 


Pin 15, OUT 2: Output 
node of the second 
half H-bridge. 


TABLE 
I. Switch 
Control 
Logic 
Truth 
Table 


BRAKE 
DIRECTION 
MONO 
Active 
Switches 


H 
X 
X 
Source 
1, Source 
2 


L 
H 
L 
Source 
2 


L 
H 
H 
Source 2, Sink 1 


L 
L 
L 
Source 
1 


L 
L 
H 
Source 
1, Sink 2 


x = don't care 


MONO is the output of the monostable. 


Functional Descriptions 


TYPICAL 
OPERATION 
OF A CHOPPER 
AMPLIFIER 


Chopper 
amplifiers 
employ 
feedback 
driven 
switching 
of a 


power bridge 
to control 
and limit current 
in the winding 
of a 


motor 
(Figure 
1). The 
bridge 
consists 
of four 
solid 
state 


power 
switches 
and four diodes 
connected 
in an H configu- 


ration. 
Control 
circuitry 
(not 
shown) 
monitors 
the 
winding 


current 
and compares 
it to a threshold. 
While 
the winding 


current 
remains 
less 
than 
the 
threshold, 
a source 
switch 


and a sink switch 
in opposite 
halves 
of the bridge 
force 
the 


supply 
voltage 
across 
the winding, 
and the winding 
current 


increases 
rapidly 
towards 
Vec!R 
(Figures 
1a and 
1d). As 


the winding 
current 
surpasses 
the threshold, 
the control 
cir- 
cuitry turns OFF the sink switch for a fixed period or off-time. 
During the off-time, 
the source 
switch 
and the opposite 
up- 


per diode short the winding, 
and the winding 
current 
recircu- 


lates and decays 
slowly 
towards 
zero (Figures 
1b and 
Ie). 


At the end of the off-time, 
the control 
circuitry 
turns back ON 


the 
sink 
switch, 
and 
the 
winding 
current 
again 
increases 


rapidly 
towards 
Vee/R 
(Figures 
1a and 
ld 
again). 
The 


above 
sequence 
repeats 
to provide 
a current 
chopping 
ac- 


tion that 
limits the winding 
current 
to the threshold 
(Figure 


19). Chopping 
only occurs 
if the winding 
current 
reaches 
the 


threshold. 
During 
a change 
in the direction 
of the winding 


current, 
the diodes 
provide 
a decay 
path for the initial wind- 


ing current 
(Figures 
1c and 
If). 
Since the bridge 
shorts 
the 


winding 
for a fixed 
period, 
this type of chopper 
amplifier 
is 


commonly 
referred 
to as a fixed off-time 
chopper. 


Functional Descriptions 
(Continued) 


(a) 
vcc 


TLIH/11878-9 


FIGURE 
1. Chopper 
Amplifier 
Chopping 
States: 
Full Vcc 
Applied 
Across 
the Winding 
(a) and (d), Shorted 
Winding 
(b) and (e), Winding 
Current 
Decays 
During 
a Change 
in the Direction 
of the Winding 
Current 
(c) 


and (f), and the Chopped 
Winding 
Current 
(g) 


Functional Descriptions 
(Continued) 


THE LMD18245 
CHOPPER 
AMPLIFIER 


The LMD18245 
incorporates 
all the circuit blocks 
needed 
to 


implement 
a fixed 
off-time 
chopper 
amplifier. 
These 
blocks 


include: 
an all DMOS, 
full 
H-bridge 
with 
clamp 
diodes, 
an 


amplifier 
for 
sensing 
the 
load 
current, 
a 
comparator, 
a 


monostable, 
and a DAC for digital 
control 
of the chopping 


threshold. 
Also 
incorporated 
are 
logic, 
level 
shifting 
and 


drive 
blocks 
for digital 
control 
of the 
direction 
of the 
load 


current 
and braking. 


THE H·BRIDGE 


The 
power 
stage 
consists 
of four 
DMOS 
power 
switches 


and associated 
body diodes 
connected 
in an H-bridge 
con- 


figuration 
(Figure 2). Turning 
ON a source 
switch 
and a sink 


switch 
in opposite 
halves of the bridge forces 
the full supply 


voltage 
less 
the 
switch 
drops 
across 
the 
motor 
winding. 


While 
the bridge 
remains 
in this 
state, 
the winding 
current 


increases 
exponentially 
towards 
a limit dictated 
by the sup- 


ply voltage, 
the 
switch 
drops, 
and the winding 
resistance. 


SUbsequently 
turning 
OFF the sink switch 
causes 
a voltage 


transient 
that 
forward 
biases 
the 
body 
diode 
of the 
other 


source 
switch. 
The diode clamps 
the transient 
at one diode 


drop above 
the supply 
voltage 
and provides 
an alternative 


current 
path. While the bridge remains 
in this state, it essen- 


tially shorts the winding 
and the Winding current 
recirculates 


and decays 
exponentially 
towards 
zero. During a change 
in 


the direction 
of the winding 
current, 
both the switches 
and 


the body diodes 
provide 
a decay 
path for the initial Winding 


current 
(Figure 3). 


Functional Descriptions 
(Continued) 


THE CURRENT 
SENSE AMPLIFIER 


Many transistor 
cells 
in parallel 
make 
up the DMOS 
power 
switches. 
The 
current 
sense 
amplifier 
(Figure 
4) uses 
a 
small fraction 
of the cells of both upper switches 
to provide 
a unique. 
low-loss 
means 
for sensing 
the 
load 
current. 
In 
practice. 
each upper switch 
functions 
as a 1x sense 
device 
in parallel 
with 
a 4000x 
power 
device. 
The 
current 
sense 
amplifier 
forces 
the voltage 
at the source 
of the sense 
de- 
vice to equal 
that at the source 
of the power 
device; 
thus. 
the devices 
share the total drain current 
in proportion 
to the 
1:4000 
cell 
ratio. 
Only 
the 
current 
flowing 
from 
drain 
to 
source. 
the 
forward 
current, 
registers 
at the output 
of the 
current 
sense 
amplifier. 
The current 
sense 
amplifier. 
there- 
fore. 
sources 
250 
IJ-A per ampere 
of total 
forward 
current 
conducted 
by the upper two switches 
of the power 
bridge. 


The 
sense 
current 
develops 
a potential 
across 
Rs that 
is 
proportional 
to the load current; 
for example, 
per ampere 
of 
load current, 
the sense 
current 
develops 
one volt across 
a 
4 kfi 
resistor 
(the product 
of 250 IJ-Aper ampere 
and 4 kfi). 
Since 
chopping 
of the load current 
occurs 
as the voltage 
at 
CS OUT surpasses 
the threshold 
(the DAC output 
voltage). 
Rs sets 
the gain 
of the 
chopper 
amplifier; 
for example. 
a 
2 kfi 
resistor 
sets the gain at two amperes 
of load current 
per volt 
of the threshold 
(the reciprocal 
of the 
product 
of 
250 IJ-Aper ampere 
and 2 kfi). 
A quarter watt resistor 
suffic- 
es. A low value 
capacitor 
connected 
in parallel 
with 
Rs fil- 
ters 
the 
effects 
of switching 
noise 
from 
the current 
sense 
signal. 


Current 
Sense 


Amplifier 


While the specified 
maximum 
DC voltage 
compliance 
at CS 
OUT 
is 12V. the 
specified 
operating 
voltage 
range 
at CS 
OUT is OV to 5V. 


THE DIGITAL-TO-ANALOG 
CONVERTER 
(DAC) 


The 
DAC 
sets 
the 
threshold 
voltage 
for 
chopping 
at 
VOAC REF X 
D/16. 
where 
D is the decimal 
equivalent 
(0- 
15) of the 
binary 
number 
applied 
at M4 through 
M1. the 
digital 
inputs of the DAC. M4 is the MSB or most significant 
bit. For applications 
that require 
higher 
resolution. 
an ex1er- 
nal DAC can drive the DAC REF input. While 
the specified 
maximum 
DC voltage 
compliance 
at DAC REF is 12V. the 
specified 
operating 
voltage 
range at DAC REF is OV to 5V. 


THE COMPARATOR, 
MONOSTABLE 
AND WINDING 
CURRENT 
THRESHOLD 
FOR CHOPPING 


As the voltage 
at CS OUT surpasses 
that at the output 
of 
the DAC. the comparator 
triggers 
the monostable. 
and the 
monostable. 
once 
triggered. 
provides 
a timing 
pulse 
to the 
control 
logic. 
During 
the 
timing 
pulse. 
the 
power 
bridge 
shorts 
the motor 
winding. 
causing 
current 
in the winding 
to 
recirculate 
and decay 
slowly 
towards 
zero 
(Figures 
1b and 
1e again). 
A parallel 
resistor-capacitor 
network 
connected 
between 
RC (pin 
#3) 
and ground 
sets the timing 
pulse 
or 
off-time 
at about 
1.1 RC seconds. 


Chopping 
of the winding 
current 
occurs 
as the voltage 
at CS 
OUT exceeds 
that 
at the output 
of the 
DAC; so chopping 
occurs 
at a winding 
current 
threshold 
of about 


(VOACREF x D/16) 
+ ((250 x 10-6) 
x Rs))amperes. 


Applications 
Information 


POWER 
SUPPLY 
BYPASSING 


Step changes 
in current 
drawn from the power supply occur 
repeatedly 
during 
normal 
operation 
and 
may cause 
large 


voltage 
spikes 
across 
inductance 
in the power 
supply 
line. 


Care 
must 
be taken 
to limit voltage 
spikes 
at Vcc 
to less 


than the BOV Absolute 
Maximum 
Rating. At a change 
in the 
direction 
of the load current, 
the initial load current 
tends to 


raise the voltage 
at the power 
supply 
rail (Figure 
3 again). 


Current 
transients 
caused 
by the 
reverse 
recovery 
of the 


clamp 
diodes 
tend 
to pull down 
the voltage 
at the 
power 


supply 
rail. 


Bypassing 
the power 
supply 
line at Vcc 
is required 
to pro- 
tect the device 
and minimize 
the adverse 
effects 
of normal 
operation 
on the power 
supply 
rail. Using both a 1 J-LFhigh 
frequency 
ceramic 
capacitor 
and 
a large-value 
aluminum 
electrolytic 
capacitor 
is highly 
recommended. 
A value 
of 


100 J-LFper ampere 
of load current 
usually 
suffices 
for the 


aluminum 
electrolytic 
capacitor. 
Both 
capacitors 
should 


have short leads and be located 
within one half inch of Vcc. 


OVERCURRENT 
PROTECTION 


If the forward 
current 
in either source 
switch 
exceeds 
a 12A 


threshold, 
internal 
circuitry 
disables 
both 
source 
switches, 


forcing 
a rapid decay of the fault current 
(Figure 5). Approxi- 
mately 
3 J-Lsafter the fault current 
reaches 
zero, the device 


restarts. 
Automatic 
restart 
allows 
an 
immediate 
return 
to 
normal 
operation 
once 
the 
fault 
condition 
has 
been 
re- 


moved. 
If the fault persists, 
the device will begin cycling 
into 


and out of thermal 
shutdown. 
Switching 
large fault currents 


may cause 
potentially 
destructive 
voltage 
spikes 
across 
in- 


ductance 
in the 
power 
supply 
line; 
therefore, 
the 
power 


supply line must be properly 
bypassed 
at Vcc 
for the motor 
driver to survive 
an extended 
overcurrent 
fault. 


In the case of a locked 
rotor, the inductance 
of the winding 
tends 
to limit the 
rate of change 
of the fault 
current 
to a 


value 
easily 
handled 
by the protection 
circuitry. 
In the case 


of a low inductance 
short 
from 
either 
output 
to ground 
or 


between 
outputs, 
the fault current 
could surge past the 12A 


shutdown 
threshold, 
forcing 
the device 
to dissipate 
a sub- 


stantial 
amount 
of power for the brief period 
required 
to dis- 


able the source 
switches. 
Because 
the fault power 
must be 


dissipated 
by only one source 
switch, 
a short from output 
to 
ground 
represents 
the 
worst 
case 
fault. 
Any 
overcurrent 


fault 
is potentially 
destructive, 
especially 
while 
operating 
with high supply voltages 
(~30V), 
so precautions 
are in or- 


der. 
Sinking 
Vcc 
for 
heat 
with 
1 square 
inch 
of 
1 ounce 


copper 
on the printed 
circuit 
board 
is highly recommended. 


The sink switches 
are not internally 
protected 
against 
shorts 
to Vcc. 


THERMAL 
SHUTDOWN 


Internal 
circuitry 
senses 
the junction 
temperature 
near the 


power bridge and disables 
the bridge if the junction 
temper- 
ature exceeds 
about 
155'C. 
When the junction 
temperature 


cools 
past the shutdown 
threshold 
(lowered 
by a slight hys- 


teresis), 
the device 
automatically 
restarts. 


UNDERVOLTAGELOCKOUT 


Internal 
circuitry 
disables 
the power bridge if the power sup- 


ply voltage 
drops 
below a rough threshold 
between 
BV and 
5V. 
Should 
the 
power 
supply 
voltage 
then 
exceed 
the 


threshold, 
the device 
automatically 
restarts. 


Trace: Fault Current atSA/div 
Horizontal: 20 j.Ls/ div 


FIGURE 
5. Fault Current 
with 
VCC = 30V, OUT 1 Shorted 
to OUT 2, and CS OUT Grounded 


IIGI., 
,-,VIII.IVI 
1I1t:J1I1ft:J:SIIUIU:STor cnopplnQ, 
tne olrectlons or 


the winding 
currents, 
and, by extension, 
the drive type 
(full 


step, 
half step, 
etc.). 
A ,",processor 
or ,",controller 
usually 


provides 
the digital control 
signals. 


and 
2.2 nF capacitor 
connected 
between 
RC and ground 


set the off-time 
at about 48 '"'S, and the 20 kO resistor 
con- 
nected 
between 
CS OUT and ground 
sets the gain at about 


FRO~ 


I'CONTROLLER 


DIRECTION 
A 


BRAKE 
A 


~4 
A 


~3 
A 


~2 
A 


~1 
A 


11'Fp 


100l'F 


DAC REF 
Vcc 
200 
STEP/REVOLUTION 
HYBRID 
12V, 
0.95A, 
12 mH, 
12fi 
8 


20 kfi 
2.2 
nF 


500 
pF 


FRO~ 


I'CONTROLLER 


DIRECTION 
B 


BRAKE 
B 


~4 
B 


~3 
B 


~2 
B 


~1 
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To make the motor take full steps, windings 
A and B can be 


energized 
in the sequence 
A-+ B-+ A' -+ B' -+A-+ 
... , 


where A represents 
winding 
A energized 
with current 
in one 


direction 
and A' 
represents 
winding 
A energized 
with cur- 


rent in the opposite 
direction. 
The motor 
takes one full step 


each time one winding 
is de-energized 
and the other 
is en- 


ergized. 
To make 
the motor 
step 
in the opposite 
direction, 
the order of the above sequence 
must be reversed. 
Figure 
7 


shows 
the winding 
currents 
and digital 
control 
signals 
for a 


wave 
drive application 
of the typical 
application 
circuit. 


To make 
the 
motor 
take 
full steps, 
windings 
A and 
B can 


also be energized 
in the sequence 
AB-+ A'B-+ A'B' -+ AB'-+AB-+ 
... , 


and because 
both windings 
are energized 
at all times, 
this 


sequence 
produces 
more 
torque 
than 
that 
produced 
with 


wave drive. The motor takes one full step at each change 
of 


direction 
of either winding 
current. 
Figure 8 shows 
the wind- 


ing currents 
and digital control 
signals 
for this application 
of 


the typical 
application 
circuit, 
and Figure 
9 shows, 
for a sin- 


gle phase, 
the winding 
current 
and voltage 
at the output 
of 


the associated 
current 
sense 
amplifier. 


Top Trace: Phase A Winding Current at 1A/div 
Bottom Trace: Phase B Winding Current at 1A/div 
Horizontal: 1 ms/div 
·500 steps/second 
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2 I 
3 I 


DIRECTION 
A 1-----1 


BRAKE A ~ 
BRAKE B ~ 0 


FIGURE 
7. Winding 
Currents 
and Digital Control 
Signals 
for One-Phase-On 
Drive (Wave 
Drive) 
• 


DIRECTION 
A1 


Top Trace: Phase A Winding Current at 1A/div 
Bottom Trace: Phase B Winding Current at 1A/div 
Horizontal: 
1 msl div 
-SOOsteps/second 
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REVERSE 
TL/H/11878-20 


M4 A through Ml 
A ~ M4 B through Mt B = 1 
BRAKE A ~ BRAKE B ~ 0 


FIGURE 8. Winding Currents and Digital Control Signals for Two-Phase-On Drive 


Top Trace: Phase A Winding Current at 1A/div 
Bottom Trace: Phase A Sense Voltage at 5V/di" 
Horizontal: 
1 ms/div 
-500 steps/second 


The Typical Application 
(Continued) 


HALF STEP DRIVE 
WITHOUT 
TORQUE 
COMPENSATION 


To make the motor take half steps. windings 
A and S can be 


energized 
in the sequence 
A-.AS -. S-' 
A'S-.A·-. 
A'S' -. S· -. AS'-. A-. 
... 


The 
motor 
takes 
one 
half 
step 
each 
time 
the 
number 
of 


energized 
windings 
changes. 
It is important 
to note that al- 


though 
half stepping 
doubles 
the step resolution, 
changing 


the number 
of energized 
windings 
from two to one decreas- 


es (one to two increases) 
torque 
by about 40%, 
resulting 
in 


significant 
torque 
ripple and possibly 
noisy operation. 
Figure 


10 shows 
the winding 
currents 
and digital control 
signals 
for 


this half step application 
of the typical 
application 
circuit. 


Top Trace: 
Phase A Winding Current at 1A/div 
Bottom Trace: Phase B Winding Current at 1A/div 
Horizontal: 
1 ms/div 
·500 steps/second 


:1121314151+lal 


DIRECTION 
A1----1 
I.. 
\._ 


:11+H51617Ial 
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I 
I 
I 


BRAKE A ~ 
BRAKE B ~ 0 


FIGURE 
10. Winding 
Currents 
and Digital Control 
Signals for Half Step Drive without 
Torque 
Compensation 


the winding 
currents 
in the fashion 
shown 
doubles 
the step 
resolution 
without 
the 
significant 
torque 
ripple 
of the 
prior 
drive 
technique. 
The 
motor 
takes 
one 
half step 
each 
time 
the level of either 
winding 
current 
changes. 
Half step drive 
with torque 
compensation 
is microstepping 
drive. Along with 
the obvious 
advantage 
of increased 
step resolution, 
micro- 


stepping 
reduces 
both full step oscillations 
and resonances 


that occur as the motor and load combination 
is driven at its 
natural 
resonant 
frequency 
or sub harmonics 
thereof. 
Both 


Figure 
12 shows 
the lookup 
table for this application 
of the 
typical 
application 
circuit. 
Dividing 
90"electrical 
per full step 
by two microsteps 
per full step yields 
45" electrical 
per mi· 
crostep. 
a, 
therefore, 
increases 
from 
0 to 
315" 
in incre· 
ments 
of 
45". 
Each 
full 
360" 
cycle 
comprises 
eight 
half 
steps. 
Rounding 
Icosal 
to four bits gives 
D A, the decimal 
equivalent 
of the 
binary 
number 
applied 
at M4 A through 
M1 A. DIRECTION 
A controls 
the polarity 
of the current 
in 
winding 
A. Figure 
11 shows 
the sinusoidal 
winding 
currents. 


Top Trace: 
Phase A Winding Current at 1A/div 
Bottom Trace: 
Phase B Winding Current at 1A/div 
Horizontal: 
2 ms/ div 
-500 steps/second 


: 1121314151617181 


DIRECTION 
A1----1 
1----\1 


I 
I 


DIRECTIONS 
~ 


I 
I 


: 1121314151617181 
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90· ELECTRICAL/FULL 
STEP 
-T 2 MICROSTEPS/FULL 
STEP = 45· ELECTRICAL/MICROSTEP 


a 
leos(a)1 
0 A 
DIRECTION 
A 
Isin(a)1 
0 B 
DIRECTION 
B 
o 
1 
15 
1 
0 
0 
1 


45 
0.707 
11 
1 
0.707 
11 
1 


90 
0 
0 
0 
1 
15 
1 


135 
0.707 
11 
0 
0.707 
11 
1 


180 
1 
15 
0 
0 
0 
0 


225 
0.707 
11 
0 
0.707 
11 
0 


270 
0 
0 
1 
1 
15 
0 


315 
0.707 
11 
1 
0.707 
11 
0 


REPEAT 


FIGURE 
12. Lookup 
Table for Half Step Drive with Torque 
Compensation 


I 


FORWARD 
! 


i 
REVERSE 


I 


QUARTER 
STEP DRIVE WITH TORQUE 
COMPENSATION 


Figure 
13 shows the winding 
currents 
and lookup table for a 
quarter 
step drive (four microsteps 
per full step) with torque 
compensation. 


TL/H/11878-26 


Top Trace: Phase A Winding Current at 1A/div 
Bottom Trace: Phase 8 Winding Current at 1A/div 
Horizontal: 
2ms/ div 


·250 steps! second 


90· ELECTRICAL/FULL 
STEP 
-T 4 MICROSTEPS/FULL 
STEP = 22.5" ELECTRICAL/MICROSTEP 


a 
leos(a)1 
DA 
DIRECTION 
A 
Isin(a)1 
DB 
DIRECTIONB 


0 
1 
15 
1 
0 
0 
1 


22.5 
0.924 
14 
1 
0.383 
6 
1 
I 
45 
0.707 
11 
1 
0.707 
11 
1 
FORWARD 
67.5 
0.383 
6 
1 
0.924 
14 
1 
! 
90 
0 
0 
0 
1 
15 
1 
112.5 
0.383 
6 
0 
0.924 
14 
1 
i 
135 
0.707 
11 
0 
0.707 
tl 
1 


REVERSE 
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0 
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6 
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I 
180 
1 
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0 
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0 
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0 
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11 
0 
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0.383 
6 
0 
0.924 
14 
0 
270 
0 
0 
1 
1 
15 
0 
292.5 
0.383 
6 
1 
0.924 
14 
0 
315 
0.707 
11 
1 
0.707 
11 
0 
337.5 
0.924 
14 
1 
0.383 
6 
0 
REPEAT 
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t!JNational 
Semiconductor 


Transport 
Media 


All NSC devices 
are prepared, 
inspected 
and packed 
to in- 


sure proper 
physical 
support 
and to protect 
during transport 


and shipment. 
All assembled 
devices 
are packed 
in one or 


more 
of the following 
container 
forms-immediate 
contain- 


ers, intermediate 
containers 
and outer/shipping 
containers. 


An example 
of each container 
form 
is illustrated 
below. 


IMMEDIATE 
CONTAINER 


Ie Device 
"1~e 


Rail/Tube 


~ 
==\====~\ 


~ _----loo\ __ 
1 
\ 
Label 
Rail/Tube 


Methods 
of immediate 
carrier 
packing 
include 
insertion 
of 
- 
Ease of handling-it 
should 
be easy to assemble, 
load 


components 
into molded 
trays and rails/tubes, 
mounting 
of 
and unload 
products 
in and from 
it; and 


components 
onto tape and reel or placement 
in corrugated 
- 
Impacts 
to the 
environment-it 
shall 
be reusable 
and 


cartons. 
The immediate 
containers 
are then packed 
into in- 
recyclable. 


termediate 
containers 
(bags or boxes) which 
specify 
quanti- 


ties of trays, 
rails/tubes 
or tape 
and reels. 
Outer/shipping 
Levels of Product Packing 


containers 
are then filled or partially 
filled with intermediate 


containers 
to meet 
order 
quantity 
requirements 
and to fur- 
IMMEDIATE 
CONTAINER 


ther insure protection 
from transportation 
hazards. 
Addition- 
The first level of product 
packing 
is the immediate 
container. 
al dunnage 
filler 
material 
is required 
to fill voids 
within 
the 
The 
immediate 
container 
type 
varies 
with 
the 
product 
or 


intermediate 
and outer/shipping 
containers. 
package 
being packed. 
In addition, 
the materials 
used in the 


General Packing Requirements 
immediate 
container 
depend 
on the fragility, 
size and profile 


of the product. 
The four types of immediate 
containers 
used 


NSC packing 
methods 
and materials 
are designed 
based on 
by NSC are rails/tubes, 
trays, tape and reel, and corrugated 


the following 
considerations: 
and chipboard 
containers. 


- 
Optimum 
protection 
to the products-it 
must provide 
ad- 
Rails/tubes 
are generally 
made of acrylic 
or polyvinyl 
chlo- 


equate 
protection 
from 
handling 
(electrostatic 
dis- 
ride (PVC) plastics. 
The electrical 
characteristics 
of the ma- 


charge) 
and transportation 
hazards; 
terial are altered 
by either 
intrinsically 
adding 
carbon 
fillers, 


and/or 
topically 
coating 
it with antistatic 
solution. 
Refer 
to 
Table 
I for rail/tube 
material 
and recyclabillty 
information. 


-. 
TABLE 
I. Plastic 
Rail/Tube 
and Stopper 
Requirements 


Rail 


Package 
Type 
Stopper 
Code/Symbol 
Recyclablllty 
Type 
Code/Symbol 
Material 
(Note 
1) 
Material 
(Note 
1) 


DIP's 


Plastic 
Polyvinyl chloride 
03/PVC 
Pin 
Polyamide 
07/PA 
Yes 


Ceramic 
Polyvinylchloride 
03/PVC 
Pin 
Polyamide 
07/PA 
Yes 


Sidebraze 
Polyvinyl chloride 
03/PVC 
Pin 
Polyamide 
07/PA 
Yes 


PLCC 
Polyvinyl chloride 
03/PVC 
Plug 
Rubber 
07/SBR 
Yes 


TapePak 
Polyvinyl chloride 
03/PVC 
Plug 
Rubber 
07/SBR 
Yes 


Flatpack 
Polyvinyl chloride 
03/PVC 
Pin 
Polymide 
07/PA 
Yes 


Cerpack 
Polyvinyl chloride 
03/PVC 
Pin 
Polymide 
07/PA 
Yes 


TO-220/202 
Polyvinylchloride 
03/PVC 
Pin 
Polymide 
07/PA 
Yes 


TO-S/8 
Polyvinylchloride 
03/PVC 
Pin 
Polymide 
07/PA 
Yes 


(in Carrier) 


SOP 
Polyvinylchloride 
03/PVC 
Plug 
Rubber 
07/SBR 
Yes 


LCC 
Polyvinyl chloride 
03/PVC 
Plug 
Rubber 
07/SBR 
Yes 


18L-44L 


Note 1: ISO 1043-1 International 
Standards-Plastic 
Symbols. 
SAE J1344 Marking of Plastic Parts. 
ASTM 0 1972-91 
Standard Practice for Generic Marking of Plastic Products. 
DIN 6120. German Recycling 
Systems, RESY for paperbased 
and VGK for plastic packing materials. 


B 


Molded 
injection 
and 
vacuum 
formed 
trays 
can 
be either 
depending 
on the 
material 
type. 
Vacuum 
formed 
trays 
are 
conductive 
or static 
dissipative. 
Molded 
injection 
trays 
are 
only used in ambient 
room temperature 
conditions. 
Refer to 
classified 
as 
either 
low-temperature 
or 
high-temperature 
Table 
II for tray material 
and recyc1ability 
information. 


TABLE 
II. Tray Requirements 


Package 


Tray 


Type 
Class 
Material 
Recyclablllty 
Code/Symbol 
Binding Type 


(Note 
1) 
(Note 
1) 


PQFP(AII) 
High Temperature 
Polyethersulfone 
Yes 
07/PES 
Wire Tie or 


Nylon Strap 


Low Temperature 
Acrylonitrilebutadiene 
Yes 
07/ABS 
Wire Tie or 


Styrene 
Nylon Strap 


PGA, LOCC 
Low Temperature 
ABS/PVC 
Yes 
07/ABS-PVC 
Wire Tie 
CERQUADs 
Only 
and LCC 
(48 leads-125 
leads) 


PPGA 
Low Temperature 
Polyarylsulfone 
Yes 
07/PAS 
Wire Tie 


Only 


Tape 
and 
reel is a multi-part 
immediate 
container 
system. 
is made of polyester 
(PET) and polyethylene 
(PE) materials. 
The reel is made of either 
polystyrene 
(PS) material 
coated 
Refer to Table 
III for tape and reel material 
and recyclability 
with antistatic 
solution 
or chipboard. 
The embossed 
or cavi- 
Information. 


ty tape is made of either PVC or PS material. 
The cover tape 


TABLE 
III. Tape and Reel Requirements 


Reel 
Cover 
Type 
Carrier 
Tape 


Package 
Codel 
Codel 
Codel 
Recyclability 


Type 
Material 
Symbol 
Material 
Symbol 
Material 
Symbol 
(Note 
1) 


(Note 
1) 
(Note 
1) 
(Note 
1) 


TO-92 
Chipboard 
Resy 
N/A 
Paper Tape 
Yes 


SOP-23 
Polystyrene 
OS/PS 
Polystyrene 
OS/PS 
PVC 
03/PVC 
Yes 


Chipboard 
Resy 


SOP,SSOP 
Polystyrene 
OS/PS 
Polyester 
07/PET-PE 
PVC 
03/PVC 
Yes 
and PLCC 
Polyethylene 


Note 
1: 150 
1043-1 
International 
Standards-Plastic 
Symbols. 


SAE 
J1344 
Marking 
of Plastic 
Parts. 


ASTM 
D 1972-91 
Standard 
Practice 
for 
Generic 
Marking 
of Plastic 
Products. 
DIN 6120, German Recycling Systems, RESY for paperbased and VGK for plastic packing materials. 


C: 
TABLE 
IV. Fibreboard 
Container 
Requirements 
00 
Pack Method 
Container 
Type 
en 
Package 
c: 
Code/ 
Immediate 
(IMM) 
:;: 
Type 
u 
Material 
Symbol 
Intermediate 
(INT) 


C'Cl 
(Note 
1) 
Outer or Shipping 
(SHP) 
Q. 


TO-92/18, 
Corrugated 
Resy 
IMM 
TO-46/5, 
(E070 BOX) 
TO-39,220, 
TO-202/126, 
TO-237 


All Products 
Corrguated 
Resy 
INTand 
SHIP 


All Products 
3-Ply Paper 
Resy 
Dunnage 


(Padpak) 


All Products 
Plastic 
04/PE 
Dunnage 


PLCC 
Bubble Sheet 


Note 1: ISO 1043·1 International Standards-Plastic 
Symbols. 
SAE J 1344 Marking of Plastic Parts. 
ASTM 01972-91 
Standard Practice for Generic Marking of Plastic Products. 
DIN 6120, German Recycling Systems, RESY for paperbased and VGK for plastic packing materials. 


INTERMEDIATE 
CONTAINERS 


The 
second 
level 
of 
product 
packing 
is the 
intermediate 
container. 
Three 
types on intermediate 
containers 
are used 
by NSC. They 
are plastic 
bags, 
moisture 
barrier 
bags and 
corrugated 
cartons/boxes. 


Two types 
of plastic 
bags are used and usage of each type 
depends 
on the product 
or package 
being packed. 
Conduc- 
tive bags are made of polyvinyl chloride 
plastic 
material. 
The 
electrical 
characteristics 
of the 
bag are altered 
by adding 


carbon 
fillers 
which 
make the bag black 
(opaque) 
in color. 


Conductive 
bags are used on products 
or packages 
that are 
packed 
in static dissipative 
(SO) rails/tubes. 
Static shielding 
bags are made of two layers of SO polyethylene 
sheets 
with 
a metallized 
film separating 
the sheets. 
Refer to Table V for 
material 
and recyclability 
information. 


Moisture 
barrier 
bags are used on rail/tube, 
tape 
and reel, 
and tray packs 
for moisture 
sensitive 
products. 
NSC uses 
National 
Metallizing's 
Stratoguard™ 
4.6. 


TABLE 
V. Conductive 
and Static 


Shielding 
Bag Requirements 


Mat'l 


Package 
Container 
Material 
and 
Mat'l 


Type 
Type 
Type 
Symbol 
Recyclability 


(Note 
1) 


All Prod. in 
Conductive 
Polyethlene 
04/PE 
Yes 


Rails 
Bag 


TO-92/81, 
Static 
Polyethlene 
NIA 
No 


TO-46/5, 
Shielding 
Alum. 
Laminant 


TO-39/220, 
Bag 


TO-202/126, 


TO-3/237 


Mat'l 


Package 
Container 
Material 
and 
Mat'l 


Type 
Type 
Type 
Symbol 
Recyclablllty 


(Note 
1) 


TapePak 
Drypack 
Stratoguard™ 
4.6 
NIA 
No 


PLCC 
Bag 


(52-84L) 


PQFP 


Note 
1: ISO 1043·1 International 
Standards-Plastic 
Symbols. 
SAE J1344 Marking 01 Plastic Parts. 
ASTM 01972-91 
Standard 
Practice for Generic Marking of Plastic 
Products. 
DIN 6120, German 
Recyclin9 
Systems, 
RESY for paperbased 
and 
VGK for plastic packing materials 


Corrugated 
cartons/boxes 
are generally 
constructed 
with fi- 


breboard 
facings 
and 
a fluted 
corrugated 
medium 
in be- 


tween the facings. 
Facings 
and corrugated 
medium 
are kraft 


(brown) 
fibreboards, 
and 
are generally 
of single 
wall 
con- 
struction. 
Carton style varies with the product 
that it will con- 


tain. For example, 
packing 
of a rail/tube 
will require 
the use 
of a carton 
with a roll end from 
lock (REFL) 
design. 
Other 


products 
generally 
use the regular 
slotted 
container 
(RSC) 


box. Refer to Table 
IV for material 
and recyclability 
informa- 
tion. 


OUTER/SHIPPING 
CONTAINERS 


The third level of product 
packing 
is the outer/shipping 
con- 


tainer. 
The outer/shipping 
containers 
use by NSC are simi- 


lar to the corrugated 
containers 
used for immediate 
and in- 


termediate 
packaging, 
but are heavier 
in facing 
thickness. 


The 
style 
generally 
used 
is the 
regular 
slotted 
container 


(RSC) box and can be single, 
double 
or triple wall, depend- 


ing on 
the 
total 
weight 
of 
products 
being 
transported 
or 


shipped. 
Refer to Table 
IV for material 
and recyclability 
in- 
formation. 


OTHER 
PACKING 
MATERIALS 


Additional 
dunnage 
and void filler 
materials 
are required 
to 


fill voids within the intermediate 
and outer/shipping 
contain- 


ers. Two types 
of dunnage/filler 
material 
are Pad pack and 


bubble 
pack. 
Padpak 
is a machine 
processed, 
3-ply 
kraft 


paper sheet dunnage system. Refer to Table 
IV for material 


and recyclability 
information. 


Bubble 
pack is made of polyethylene 
plastic 
sheets 
with air 


pockets 
trapped 
in between 
the 
plastic 
layers 
and can be 


either 
static 
dissipative 
or conductive. 
Refer to Table 
IV for 


material 
and recyclability 
information. 


Immediate 
Container 
Pack Methods 


The following 
table 
identifies 
the primary 
immediate 
container 
pack 
method 
for all hermetic 
and plastic 
packages 
offered 
by 


National 
Semiconductor. 
A secondary 
immediate 
container 
pack 
method 
is identified 
where 
applicable. 


Package 
Package 
Primary 
Secondary 


Immediate 
Immediate 
Type 
Marketing 
Container 
Container 
(Code) 
Drawing 
Method 
Quantity 
Method 
Quantity 


Ceramic 
Sidebrazed 
O08C 
Rail/Tube 
35 
Oual-In-Line 
0140 
Rail/Tube 
25 
Package 
(SB) 
O16C 
Rail/Tube 
20 


O18A 
Rail/Tube 
20 
r 


O20A 
Rail/Tube 
18 


O20B 
Rail/Tube 
18 


O24C 
Rail/Tube 
15 


O24H 
Rail/Tube 
15 


O24K 
Rail/Tube 
15 


0280 
Rail/Tube 
13 


O28G 
Rail/Tube 
13 


O28H 
Rail/Tube 
13 


O40C 
Rail/Tube 
9 


O40J 
Rail/Tube 
9 


O48A 
Rail/Tube 
7 


O52A 
Rail/Tube 
7 


Ceramic 
Leadless 
E20A 
Rail/Tube 
50 
Chip Carrier (LCG) 
EA20B 
Rail/Tube 
50 


E24B 
Tray 
25 


E28A 
Tray 
28 


EA028C 
Tray 
100 


E32A 
Rail/Tube 
35 


E32B 
Rail/Tube 
35 


E32C 
Rail/Tube 
35 


E40A 
Rail/Tube 
35 


E44A 
Rail/Tube 
25 


E48A 
Tray 
25 


E68B 
Tray 
48 


E68C 
Tray 
48 


E84A 
Tray 
42 


E84B 
Tray 
42 


Package 
Package 
Primary 
Secondary 


Immediate 
Immediate 
Type 
Marketing 
Container 
Container 
(Code) 
Drawing 
Method 
Quantity 
Method 
Quantity 


Ceramic 
Quad 
EL28A 
Tray 
96 
J-Bend 
(CQJB) 
EL44A 
Tray 
80 
, 


EL44B 
Tray 
80 


EL44C 
Tray 
80 


EL52A 
Tray 
50 


EL68A 
Tray 
44 


EL68B 
Tray 
44 


EL68C 
Tray 
44 


EL84A 
Tray 
42 


Ceramic 
Quad 
EL28B 
Rail 
15 
Flatpack 
EL64A 
Box 
36 
(CQFP) 


EL100A 
Tray 
12 


EL116A 
Tray 
12 


EL132B 
Tray 
20 


EL132C 
Tray 
20 


EL132D 
Tray 
20 


EL164A 
Tray 
12 


EL172B 
Tray 
12 


EL172C 
Tray 
12 


Ceramic 
F10B 
Carrier/Rail 
19 
Carrier/Box 
200 
Flatpack 
F14C 
Carrier/Rail 
19 
Carrier/Box 
200 


F16B 
Carrier/Rail 
19 
Carrier/Box 
200 


- 
Immeolate 
Immediate 
Type 
Marketing 
Container 
Container 
(Code) 
Drawing 
Method 
Quantity 
Method 
Quantity 


Ceramic 
Dual-In- 
J08A 
Rail/Tube 
40 
Line Package 
J14A 
Rail/Tube 
25 
(Cerdip) 
J16A 
Rail/Tube 
25 


J18A 
Rail/Tube 
20 


J20A 
Rail/Tube 
20 


J22A 
Rail/Tube 
17 


J24A 
Rail/Tube 
15 


J24AQ 
Rail/Tube 
15 


J24B-Q 
Rail/Tube 
15 


J24CQ 
Rail/Tube 
15 


J24E 
Rail/Tube 
16 


J24F 
Rail/Tube 
15 


J28A 
Rail/Tube 
12 


J28AQ 
Rail/Tube 
12 


J28B 
Rail/Tube 
12 


J26BQ 
Rail/Tube 
12 


J28CQ 
Rail/Tube 
13 


J32B 
Rail/Tube 
11 


J32AQ 
Rail/Tube 
11 


J40A 
Rail/Tube 
9 


J40AQ 
Rail/Tube 
9 


J40BQ 
Rail/Tube 
9 


Ceramic 
Small 
MC16A 
Rail/Tube 
45 
Outline 
Package, 
MC20A 
Rail/Tube 
36 
Wide 
MC20B 
Rail/Tube 
36 


MC24A 
Rail/Tube 
30 


MC28A 
Rail/Tube 
26 


MC28B 
Rail/Tube 
26 


Package 
Package 
Primary 
Secondary 


Immediate 
Immediate 
Type 
Marketing 
Container 
Container 
(Code) 
Drawing 
Method 
Quantity 
Method 
Quantity 


Ceramic PinGrid 
U44A 
Tray 
80 
Array(CPGA) 
U68B 
Tray 
42 


U68C 
Tray 
42 


U68D 
Tray 
42 


U68E 
Tray 
42 


U75A 
Tray 
35 


U84A 
Tray 
42 


U84B 
Tray 
42 


U84C 
Tray 
42 


U99A 
Tray 
25 


U100A 
Tray 
30 


U109A 
Tray 
25 


U120A 
Tray 
30 


U120C 
Tray 
30 
, 


U124A 
Tray 
30 


U132A 
Tray 
30 


U132B 
Tray 
30 


U144A 
Tray 
20 


U156A 
Tray 
20 


U156B 
Tray 
20 


U169A 
Tray 
20 


U173A 
Tray 
20 


U175A 
Tray 
20 


U180A 
Tray 
20 


U223A 
Tray 
20 


U224A 
Tray 
20 


U257A 
Tray 
12 


U259A 
Tray 
12 


U299A 
Tray 
12 


U301A 
Tray 
12 


U303A 
Tray 
12 


U323A 
Tray 
12 


Package 
Package 
Primary 
Secondary 


Immediate 
Immediate 
Type 
Marketing 
Container 
Container 
(Code) 
Drawing 
Method 
Quantity 
Method 
Quantity 


Cerpack 
W10A 
Carrier/Rail 
19 
Carrier/Box 
200 


W14B 
Carrier/Rail 
19 
Carrier/Box 
200 


W14C 
Carrier/Rail 
19 
Carrier/Box 
200 


W16A 
Carrier/Rail 
19 
Carrier/Box 
200 


W20A 
Carrier/Rail 
19 
Carrier/Box 
200 


W24C 
Carrier/Rail 
15 
Carrier/Box 
80 


W28A 
Carrier/Rail 
15 
Carrier/Box 
80 


WA28D 
Carrier/Rail 
15 
Carrier/Box 
80 


Cerquad 
W24B 
Rail/Tube 
15 


W56B 
Tray 
20 


W64A 
Tray 
20 


W68A 
Tray 
12 


W84A 
Tray 
12 


Cerquad, 
EIAJ 
WA80A 
Tray 
84 


WA80AQ 
Tray 
84 


W120A 
Tray 
12 


W144A 
Tray 
12 


W144B 
Tray 
12 


W160A 
Tray 
12 


W208A 
Tray 
12 


Package 
Package 
Primary 
Secondary 


Immediate 
Immediate 
Type 
Marketing 
Container 
Container 
(Code) 
Drawing 
Method 
Quantity 
Method 
Quantity 


TO-5 
H06C 
Tray 
100 
Carrier/Rail 
18 


H08A 
Tray 
100 
Carrier/Rail 
18 


H08C 
Tray 
100 
Carrier/Rail 
18 


H10C 
Tray 
100 
Cerrier/Rail 
18 


TO-18 
H03C 
Box 
1800 
Tray 
100 


TO-39 
H03A 
Tray 
100 
Carrier/Rail 
18 


H03B 
Tray 
100 
Carrier/Rail 
18 


HA04E 
Tray 
100 
Carrier/Rail 
18 


TO-46 
H02A 
Box 
1800 
Tray 
100 


H03H 
Box 
1800 
Tray 
100 


H04A 
Box 
1800 
Tray 
100 


H04D 
Box 
1800 
Tray 
100 


TO-52 
l 
H03J 
Box 
1800 
Tray 
100 


TO-72 
H04C 
Box 
1800 
Tray 
100 


(Code) 
Drawing 
Method 
Quantity 
Method 
Quantity 


Small 
M03A 
Tape and Reel 
3000/ 
Bulk/Bag 
500 


Outline 
10000 
Transistor 
3000/ 
Bulk/Bag 
500 
(SOT-23) 
M03B 
Tape and Reel 


10000 


Small 
M08A 
Rail/Tube 
95 
Tape and Reel 
2500 
Outline 
M14A 
Rail/Tube 
55 
Tape and Reel 
2500 
Package, 
JEDEC 
M14B 
Rail/Tube 
50 
Tape and Reel 
1000 
(SOP) 
M16A 
Rail/Tube 
48 
Tape and Reel 
2500 


M16B 
Rail/Tube 
45 
Tape and Reel 
1000 


M20B 
Rail/Tube 
36 
Tape and Reel 
1000 


M24B 
Rail/Tube 
30 
Tape and Reel 
1000 


M28B 
Rail/Tube 
26 
Tape and Reel 
1000 


Small 
M14D 
Rail/Tube 
47 
Tape and Reel 
1000 
Outline 
M16D 
Rail/Tube 
47 
Tape and Reel 
1000 
Package, 
EIAJ 
M20D 
Rail/Tube 
37 
Tape and Reel 
1000 
(SOP) 


Shrink 
MQA20 
Rail/Tube 
54 
Tape and Reel 
2500 
Small 
MQA24 
Rail/Tube 
54 
Tape and Reel 
2500 
Outline 
Package, 
MS48A 
Rail/Tube 
29 
Tape and Reel 
1000 
JEDEC 
MS56A 
Rail/Tube 
25 
Tape and Reel 
1000 
(SSOP) 


Shrink 
MSA20 
Rail/Tube 
65 
Tape and Reel 
1000 
Small 
MSA24 
Rail/Tube 
58 
Tape and Reel 
1000 
Outline 
Package, 
MS40A 
Rail/Tube 
34 
Tape and Reel 
1000 
EIAJ 
(SSOP) 


Very 
M40A 
Rail/Tube 
34 
Tape and Reel 
1000 
Small 
Outline 
Package 
(VSOP) 


Thin 
MBH32A 
Tray 
156 
Small 
Outline 
Package, 
EIAJ 
(TSOP) 


Thin 
MTA20 
Tape and Reel 
2500 
Shrink 
Small 
Outline 
Package, 
EIAJ 
(TSSOP) 


Package 
Package 
Primary 
Secondary 


Immediate 
Immediate 
Type 
Marketing 
Container 
Container 
(Code) 
Drawing 
Method 
Quantity 
Method 
Quantity 


Molded 
N08E 
Rail/Tube 
40 
Dual-In-Line 
N14A 
Rail/Tube 
25 
Package 
(MDIP) 
N16A 
Rail/Tube 
20 


N16E 
Rail/Tube 
25 


N16G 
Rail/Tube 
20 


N18A 
Rail/Tube 
20 


N20A 
Rail/Tube 
18 


N22A 
Rail/Tube 
15 


N22B 
Rail/Tube 
15 


N24A 
Rail/Tube 
15 


N24C 
Rail/Tube 
15 


N24D 
Rail/Tube 
15 


N24E 
Rail/Tube 
15 


N28B 
Rail/Tube 
13 


N40A 
Rail/Tube 
9 


N48A 
Rail/Tube 
7 


TO·202 
P03A 
Rail/Tube 
45 
Box 
300 


P03B 
Rail/Tube 
45 
Box 
300 


P03C 
Rail/Tube 
45 
Box 
300 


P03D 
Rail/Tube 
45 
Box 
300 


P03E 
Rail/Tube 
45 
Box 
300 


P03F 
Rail/Tube 
45 
Box 
300 


P03G 
Rail/Tube 
45 
Box 
300 


P03H 
Rail/Tube 
45 
Box 
300 


P03J 
Rail/Tube 
45 
Box 
300 


P04A 
Rail/Tube 
45 
Box 
300 


P11A 
RaillTube 
15 


TO-237 
R03A 
Box 
1500 
Tape and Reel 
2000 


R03B 
Box 
1500 
Tape and Reel 
2000 


R03C 
Box 
1500 
Tape and Reel 
2000 


R03D 
Box 
1500 
Tape and Reel 
2000 


TO-226 
RC03A 
Box 
1500 
Tape and Reel 
2000 


RC03B 
Box 
1500 
Tape and Reel 
2000 


RC03C 
Box 
1500 
Tape and Reel 
2000 


RC03D 
Box 
1500 
Tape and Reel 
2000 
• 


Package 
Primary 
Secondary 
Package 
Immediate 
Immediate 
Type 
Marketing 
Container 
Container 
(Code) 
Drawing 
Method 
Quantity 
Method 
Quantity 


TO·220 
TA02A 
Rail/Tube 
45 
Box 
300 


T02D 
Rail/Tube 
45 
Box 
300 


TA03A 
Rail/Tube 
45 
Box 
300 


TA03B 
Rail/Tube 
45 
Box 
300 


TA03D 
Rail/Tube 
45 
Box 
300 


T03A 
Rail/Tube 
45 
Box 
300 


T03B 
Rail/Tube 
45 
Box 
300 


T03D 
Rail/Tube 
45 
Box 
300 


T03F 
Rail/Tube 
45 
Box 
300 


T05A 
Rail/Tube 
45 
Box 
300 


T05B 
Rail/Tube 
45 
Box 
300 


T05C 
Rail/Tube 
45 
Box 
300 


T05D 
Rail/Tube 
45 
Box 
300 


T05E 
Rail/Tube 
45 
Box 
300 


T05F 
Rail/Tube 
45 
Box 
300 


TA05A 
Rail/Tube 
45 
Box 
300 


TA05B 
Rail/Tube 
45 
Box 
300 


TA11A 
Rail/Tube 
20 
Box 
300 


TA11B 
Rail/Tube 
20 
Box 
300 


TA11C 
Rail/Tube 
20 
Box 
300 


TA11D 
Rail/Tube 
20 
Box 
300 


TA11E 
Rail/Tube 
20 
Box 
300 


TA12A 
Rail/Tube 
20 
Box 
300 


TA15A 
Rail/Tube 
20 
Box 
300 


TA23A 
Rail/Tube 
15 
Box 
300 


TapePak@ 
TP40A 
Coinstack 
100 
Flat Rail 
25 


Tube 


Plastic Pin 
UP124A 
Tray 
30 
Grid Array 
UP159A 
Tray 
20 
(PPGA) 


UP175A 
Tray 
20 


Plastic 
V20A 
Rail/Tube 
40 
Tape and Reel 
1000 
Leaded 
Chip 
V28A 
Rail/Tube 
35 
Tape and Reel 
750 
Carrier 
(PLCC) 
V32A 
Rail/Tube 
30 


V44A 
Rail/Tube 
25 
Tape and Reel 
500 


V52A 
Rail/Tube 
22 
Tape and Reel 
500 


V68A 
Rail/Tube 
18 
Tape and Reel 
250 


V84A 
Rail/Tube 
15 
Tape and Reel 
250 


Package 
Package 
Primary 
Secondary 


Immediate 
Immediate 
Type 
Marketing 
Container 
Container 
(Code) 
Drawing 
Method 
Quantity 
Method 
Quantity 


Plastic Quad 
VEF44A 
Tray 
96 
Flatpack 
VBG48A 
Tray 
60 
.- 
(PQFP) 


VHG80A 
Tray 
60 


VJE80A 
Tray 
84 


VCC80A 
Tray 
50/66 


VCE100A 
Tray 
84 


VLJ100A 
Tray 
50 


VJG100A 
Tray 
60 


VNG144A 
Tray 
60 


VUL160A 
Tray 
24 


VQL160A 
Tray 
24 


VUW208A 
Tray 
24 


VF132A 
Tray 
36 


VF196A 
Tray 
21 


TO-92 
Z03A 
Box 
1800 
Tape and Reel 
2000 


Z03B 
Box 
1800 
Tape and Reel 
2000 


Z03C 
Box 
1800 
Tape and Reel 
2000 


Z03D 
Box 
1800 
Tape and Reel 
2000 


Z03E 
Box 
1800 
Tape and Reel 
2000 


Z03G 
Box 
1800 
Tape and Reel 
2000 


Z03H 
Box 
1800 
Tape and Reel 
2000 


Z03J 
Box 
1800 
Tape and Reel 
2000 


Labeling 


National 
Semiconductor 
offers 
3 standard 
bar code 
labels; 
reel and 
intermediate 
container 
labels 
for Tape 
and 
Reel; 
intermediate 
container 
label other 
than for Tape 
and Reel; 


and outer/shipping 
contair.er 
labels. The tape and reel, and 
intermediate 
container 
labels 
are 
National's 
own 
format 
while 
the 
outer/shipping 
container 
label 
is based 
on 
the 
EIA-556-A 
label standard. 


CP) CPN: CPN 123456789012 
XYZ C£:n='ANY 


1111111111 
1111111111111 ~IIIIIIIIIIIIIIIIIIIII~ 1III1 ~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII~ 
PO ••: PO 123456789012 
CD) D/C: 
P9236 
NSID: 
DM74ALS253WM 


1111111111111111111111111111111111111111 
~C~ 
~Ci~~5678912 


CO) QTY: 1000 


1111111111111111 
11111 1111 
1111 I11I 


This 
label 
is placed 
on the 
reel 
(immediate 
container) 
as 
well as on the intermediate 
box. 
• 


IIIIIIIIIII~ 
1111111111111111111111111111111111111111111111111111111111111III11111111 
(C) 
CTV 1000 
(D) D.C. 
P9236 


111111111111111111111111111111111 
111111111111111111111111111111111111 
(A) 
P.O. PO 123456789012 


111111111111111111111111111111111111111111111 
~IIIIIIIIIII~ 
IIIII~IIIIIIIIIIIIIIIIIIII 
NSID 
: DM74R...S253I-I1 
P. L. 
: PL1234 


FIN 
OPT : SPEC1234 
REQR: 
RV1234 


LOT 
: LOT 123456789 
OOX 131 OF 03 
NATIONAL SEMICONDUCTOR 


US) PKG II>: EIA14+EP123456 
FROM: II N 5 C 


IIIIIIIIII~IIIIIIIIIII~IIIIIII~III~ 
IIII~IIIII~I~IIIIIIIIIIIIIIII~~III~IIIIII 


SANTA 
CL"","" ~ 
CA 
95051 
TO: 
xvz co..,..,. ..... 


(2) 
SPECIAL: 
SHIP 
TO 
ADDRESS 
1 


SHIP 
TO 
ADDRESS 
a 


SHIP 
TO ADDRESS3 


SHIP 
TO 
ADDRESS 
.- 


SHIP 
TO 
ADDRESS 
S 


(a) 
auANTITY 
PACKAGE COUNT 


Imlll~II~1111111 
10000 
EA 
02 
OF 05 


(K) 
TRANS. II>: 
P01234567890123456789 
PACKAGE WEIGHT 


II~II 
IIIIIIIIIIIII~ 
I~~II~~ 
IIIIIII~ 
1I111~!III!IIIIIIIIII~I 
lkm 
KG 2540 L8 


( P) 
CUSTot£R 
~I> 
II>: 
CPN12345678901234567890 


IIIII~ 
IIIIIIIIIIIIII~ 
1111111I11~~I~ II~ 1111111111I1I1I~111I1I1~11~11~1I11111 


,-----------------------------------------------, 
UJo 
l»~ 
Q, 
3:oc:~- 
o- 
CJ) 
c:;. 
n 
CD 
3:oc:~-oo3 
"t'o~ 
CD~- 
'I) 


t!JNational 
Semiconductor 


Abstract 


In facing 
the 
challenges 
of "Surface 
Mount 
Technology", 
many 
manufacturers 
of printed 
circuit 
boards 
have 
taken 


steps 
to convert 
some 
portions 
of their 
boards 
to this pro- 


cess. 
However, 
as the availability 
of all products 
as surface 


mount 
components 
is still 
limited, 
many 
have 
had to mix 


lead-inserted 
components 
with 
surface 
mount 
devices 


(SMD's). 
Furthermore, 
to 
take 
advantage 
of 
using 
both 


sides of the board, 
some surface 
mounted 
components 
are 


adhered 
to the bottom 
side of the board while the top side is 


reserved 
for the conventional 
lead-insert 
packages 
and fine 


pitch 
surface 
mount 
packages. 


There 
are three 
surface 
mount 
processes 
in hi-volume 
use 


today: 


1. WAVE 
SOLDER; 
the surface 
mounted 
components 
are 


adhered 
to the 
bottom 
side 
of the 
board 
while 
the top 


side is reserved 
for the lead-inserted 
packages. 
The sur- 


face mount components 
are subjected 
to severe thermal 


stress 
when 
they are immersed 
into the molten 
solder. 


2. INFRA-RED 
mass 
reflow; 
the 
surface 
mount 
compo- 
nents 
are placed 
on the 
solder 
paste 
which 
has been 


applied 
to the board, 
the solder 
joints 
are formed 
when 


the board 
is passed 
thru the reflow 
media. 
The surface 


mount 
devices 
are subjected 
to a controlled 
thermal 
en- 


vironment. 


3. VAPOR 
PHASE 
mass reflow; 
the surface 
mount compo- 
nents 
are placed 
on the 
solder 
paste 
which 
has been 


applied 
to the board, 
tbe solder 
joints 
are formed 
when 


the board 
is passed 
thru the ref low media. 
The surface 


mount 
devices 
are subjected 
to a controlled 
thermal 
en- 


vironment, 
more 
severe 
than 
Infra-red 
but 
much 
less 


than wavesolder. 


A discussion 
of the effect 
of these processes 
on the reliabil- 


ity of plastic 
semiconductor 
packages 
follows. 


Role of Wave Soldering in 
Application 
of SMDs 


The generally 
acceptable 
methods 
of soldering 
SMDs 
are 


vapor 
phase 
reflow 
soldering 
and IR reflow 
soldering, 
both 


requiring 
application 
of solder 
paste on PW boards 
prior to 


placement 
of the components. 
However, 
sentiment 
still ex- 
ists for retaining 
the use of the old wave soldering 
machine. 


The reasons 
being: 


Most 
PC Board 
Assembly 
houses 
already 
possess 
wave 
soldering 
equipment. 
Switching 
to another 
technology 
such 
as vapor 
phase 
soldering 
requires 
substantial 
investment 
in 


equipment 
and people. 


Due to the limited number 
of devices 
that are surface 
mount 


components, 
it is necessary 
to mix both lead inserted 
com- 


ponents 
and 
surface 
mount 
components 
on 
the 
same 


board. 


Some components 
such as relays and switches 
are made of 


materials 
which 
would 
not be able to survive 
the tempera- 


ture exposure 
in a vapor 
phase 
or IR furnace. 


PW Board Assembly Procedures 


There are two considerations 
in which through-hole 
ICs may 


be combined 
with 
surface 
mount 
components 
on the 
PW 


Board: 


a) Whether 
to mount 
ICs on one or both sides of the board. 


b) The 
sequence 
of soldering 
using 
Vapor 
Phase, 
IR or 


Wave 
Soldering 
singly 
or a combination 
of two or more 


methods. 


The various 
processes 
that may be employed 
are: 


A) WAVE SOLDER 
BEFORE 
VAPOR/IR 
REFLOW 
SOLDER 


1. Components 
on the same side of PW Board. 
Lead insert 


standard 
DIPS onto PW Board Wave solder 
(convention- 


al). Wash 
and lead trim. Dispense 
solder 
paste 
on SEM 


pads. Pick and place SMDs onto PW Board. 
Bake Vapor 


phase/IR 
reflow. 
Clean. 


2. Components 
on opposite 
side of PW Board. 
Lead insert 


standard 
DIPs onto PW Board Wave Solder 
(convention- 


al). Clean and lead trim. Invert PW Board. Dispense 
drop 


of adhesive 
on SMD 
sites 
(optional 
for smaller 
compo- 


nents). 
Pick 
and 
place 
SMDs 
onto 
board. 
Bake/Cure. 


Invert 
board 
to rest 
on 
raised 
fixture. 
Vapor/IR 
reflow 


soldering. 
Clean. 


B) VAPOR/IR 
REFLOW 
SOLDER 
THEN WAVE SOLDER 


1. Components 
on 
the 
same 
side 
of 
PW 
Board. 
Solder 


paste screened 
on SMD side of Printed Wire Board. 
Pick 


and place 
SMDs. 
Bake Vapor/IR 
reflow. 
Lead insert 
on 


same side as SMD's. 
Wave solder. Clean and trim under- 


side of PCB. 


C) VAPOR/IR 
REFLOW 
ONLY 


1. Components 
on the same 
side 
of PW Board 
Trim 
and 


form 
standard 
DIPs in "gull 
wing" 
configuration. 
Solder 


paste screened 
on PW Board. 
Pick and place SMDs and 


DIPs. Bake Vapor/IR 
reflow. 
Clean. 


2. Components 
on 
opposite 
sides 
of 
PW 
Board. 
Solder 


paste screened 
on SMD-side 
of Printed 
Wire Board. 
Ad- 


hesive dispensed 
at central 
location 
of each component. 


Pick and place 
SMDs. 
Bake. 
Solder 
paste 
screened 
on 


all pads 
on DIP-side 
or alternatively 
apply 
solder 
rings 


(performs) 
on leads. 
lead 
insert 
DIPs. Vapor/lR 
reflow. 


Clean and lead trim. 
• 


PW Board Assembly Procedures 
(Continued) 


D) WAVE 
SOLDERING 
ONLY 


1. Components 
on opposite 
sides 
of PW board. 
Adhesive 


dispense 
on 
SMD 
side 
of 
PW 
Board. 
Pick 
and 
place 


SMDs. 
Cure 
adhesive. 
Lead 
insert 
top 
side 
with 
DIPs. 
Wave 
solder 
with 
SMDs 
down 
and 
into 
solder 
bath. 
Clean and lead trim. 


All of the above 
assembly 
procedures 
can be divided 
into 


three 
categories 
for IC. Reliability 
considerations: 


1) Components 
are 
subjected 
to 
both 
a vapor 
phase/IR 


heat cycle 
then followed 
by a wave-solder 
heat cycle 
or 


vice versa. 


2) Components 
are 
subjected 
to 
only 
a vapor 
phase/IR 


heat cycle. 


3) Components 
are subjected 
to wave-soldering 
only 
and 


SMDs 
are subjected 
to heat by immersion 
into a solder 


pot. 


Of these 
three 
categories, 
the 
last is the 
most 
severe 
re- 


garding 
heat treatment 
to a semiconductor 
device. 
Howev- 


er, 
note 
that 
semiconductor 
molded 
packages 
generally 


possess 
a coating 
of solder 
on their 
leads 
as a final finish 


for solderability 
and protection 
of base leadframe 
material. 


Most semiconductor 
manufacturers 
sOlder-plate 
the compo- 


nent leads, while others 
perform 
hot solder 
dip. In the latter 


case the packages 
may be subjected 
to total immersion 
into 


a hot solder 
bath under controlled 
conditions 
(manual 
oper- 


ation) 
or be partially 
immersed 
while 
in a "pallet" 
where 


automatic 
wave 
or DIP soldering 
processes 
are used. 
It is, 
therefore, 
possible 
to subject 
SMDs 
to solder 
heat 
under 


certain 
conditions 
and not cause 
catastrophic 
failures. 


Thermal Characteristics 
of Molded 


Integrated 
Circuits 


Since 
Plastic 
DIPs and SMDs are encapsulated 
with a ther- 
moset 
epoxy, 
the 
thermal 
characteristics 
of 
the 
material 


generally 
correspond 
to a TMA 
(Thermo-Mechanical 
Analy- 


sis) graph. The critical 
parameters 
are (a) its Linear thermal 


expansion 
characteristics 
and (b) its glass transition 
temper- 


ature 
after 
the epoxy 
has been 
fUlly cured. 
A typical 
TMA 


graph 
is illustrated 
in Figure 
1. Note that the epoxy changes 


to a higher 
thermal 
expansion 
once 
it is subjected 
to tem- 


peratures 
exceeding 
its glass transition 
temperature. 
Metals 


(as used on leadframes, 
for example) 
do not have this char- 
acteristic 
and generally 
will have a consistent 
Linear thermal 


expansion 
over the same temperature 
range. 


In any good 
reliable 
plastic 
package, 
the 
choice 
of lead- 


frame 
material 
should 
be such to match 
its thermal 
expan- 
sion 
properties 
to that 
of the 
encapsulating 
epoxy. 
In the 


event 
that 
there 
is a mismatch 
between 
the two, 
stresses 


can build up at the interface 
of the epoxy 
and metal. There 


now exists 
a tendency 
for the epoxy 
to separate 
from 
the 


metal 
leadframe 
in a manner 
similar 
to that 
observed 
on 


bimetallic 
thermal 
range. 


In most cases when the packages 
are kept at temperatures 


below 
their 
glass 
transition, 
there 
is a small 
possibility 
of 


separation 
at the 
epoxy-metal 
interface. 
However, 
If the 


package 
is subjected 
to temperature 
above 
its glass-tran- 


sition temperature, 
the epoxy 
will expand 
much faster 
than 


the 
metal 
and 
the 
probability 
of 
separation 
is greatly 
in- 


creased. 


,, 
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FIGURE 
1. Thermal 
Expansion 
and Glass 


Conventional 
Wave Soldering 


Most wave 
soldering 
operations 
occur 
at temperatures 
be- 


tween 
240·C-260·C. 
Conventional 
epoxies 
for encapsula- 


tion 
have 
glass-transition 
temperatures 
between 
1400C- 
170·C. An I.C. directly 
exposed 
to these 
temperatures 
risks 


its long term functionality 
due to epoxy/metal 
separation. 


Fortunately, 
there 
are factors 
that can reduce 
that element 
of risk: 


1. The 
PW board 
has a certain 
amount 
of heat-sink 
effort 


and tends 
to shield 
the components 
from 
the tempera- 


ture of the solder 
(if they were placed 
on the top side of 


the board). 
In actual 
measurements, 
DIPs achieve 
a tem- 


perature 
between 
120·C-150·C 
in a 5-second 
pass over 


the solder. 
This accounts 
for the fact that DIPs mounted 
in the conventional 
manner 
are reliable. 


2) In conventional 
soldering, 
only the tip of each lead in DIP 
would 
experience 
the 
solder 
temperature 
because 
the 


epoxy and die are standing 
above the PW board and out 
of the solder 
bath. 


Effect on Package Performance 
by 
Epoxy-Metal 
Separation 


In wave soldering, 
it is necessary 
to use fluxes 
to assist the 


solderability 
of the components 
and PW boards. 
Some facil- 
ities may even process 
the boards and components 
through 
some form 
of acid cleaning 
prior to the soldering 
tempera- 


ture. 
If separation 
occurs, 
the flux 
residues 
and 
acid 
resi- 
dues (which 
may be present 
owing 
to inadequate 
cleaning) 


will be forced 
into the package 
mainly by capillary 
action 
as 
the residues 
move away from the solder 
heat source. 
Once 


the package 
is cooled, 
these contaminants 
are now trapped 
within the package 
and are available 
to diffuse 
with moisture 


from the epoxy 
over time. It should 
be noted 
that electrical 
tests 
performed 
immediately 
after 
soldering 
generally 
will 
give no indication 
of this potential 
problem. 
In any case, the 
end 
result 
will 
be corrosion 
of the 
chip 
metalization 
over 
time and premature 
failure 
of the device 
in the field. 


Vapor Phase/lR 
Reflow Soldering 


In both 
vapor 
phase 
and 
IR reflow 
soldering, 
the 
risk 
of 
separation 
between 
epoxy/metal 
can 
also 
be high. 
Maxi- 
mum 
operating 
temperatures 
are 219'C 
(vapor 
phase) 
or 
240"C 
(IR) 
and 
duration 
may 
also 
be longer 
(30 sec-60 
sec). 
On the same 
theoretical 
basis, 
there 
should 
also 
be 
separation. 
However, 
in both these 
methods, 
solder paste is 
applied 
to the pads of the boards; 
no fluxes 
are used. Also, 
the devices 
are not immersed 
into the hot solder. 
This 
re- 
duces 
the possibility 
of solder 
forcing 
itself 
into the epoxy- 
leadframe 
interface. 
Furthermore, 
in the vapor 
phase 
sys- 
tem, 
the soldering 
environment 
is "oxygen-free" 
and con- 
sidered 
"contaminant 
free". 
Being so, it could be visualized 
that 
as far as reliability 
with 
respect 
to corrosion, 
both 
of 
these 
methods 
are advantageous 
over wave soldering, 


Bias Moisture Test 


A bias moisture 
test was designed 
to determine 
the effect 
on 
package 
performance. 
In this 
test, 
the 
packages 
are 
pressured 
in a steam 
chamber 
to accelerate 
penetration 
of 
moisture 
into the package. 
An electrical 
bias is applied 
on 
the device. 
Should 
there 
be any contaminants 
trapped 
with- 


in the package, 
the moisture 
will quickly 
form an electroly1e 
and cause 
the electrodes 
(which 
are the lead fingers), 
the 
gold wire and the aluminum 
bond-pads 
of the silicon 
device 


to corrode. 
The 
aluminum 
bond-pads, 
being 
the 
weakest 
link of the system, 
will generally 
be the first to faiL 


This proprietary 
accelerated 
bias/moisture 
pressure-test 
is 
significant 
in relation 
to the life test 
condition 
at 85'C 
and 
85% 
relative 
humidity. 
One 
cycle 
of 
approximately 
100 
hours 
has been 
shown 
to be equivalent 
to 2,000 
hours 
in 
the 85/85 
condition. 
Should 
the packages 
start to fail within 
the first cycle in the test, it is anticipated 
that the boards with 
these 
components 
in 
the 
harsh 
operating 
environment 


(85'C/85% 
RH) 
will 
experience 
corrosion 
and 
eventual 
electrical 
failures 
within 
its first 2,000 
hours of operation. 


Whether 
this 
is significant 
to a circuit 
board 
manufacturer 
will obviously 
be dependent 
on the products 
being manufac- 


tured and the workmanship 
or reliability 
standards. 
General- 
ly in systems 
with 
a long 
warranty 
and 
containing 
many 
components, 
it is advisable 
both 
on a reputation 
and cost 
basis to have the most reliable 
parts available. 


Test Results 


The comparison 
of vapor 
phase 
and wave-soldering 
upon 
the 
reliability 
of molded 
Small-Outline 
packages 
was 
per- 
formed 
using 
the 
bias 
moisture 
test 
(see 
Table 
IV). It is 
clearly 
seen 
that 
vapor 
phase 
reflow 
soldering 
gave 
more 
consistent 
results. 
Wave 
soldering 
results 
were 
based 
on 
manual 
operation 
giving 
variations 
in soldering 
parameters 
such as temperature 
and duration. 


1. Vapor 
phase 
(60 sec. exposure 
@ 217"C) 


= 
9 failures/1723 
samples 


= 0.5% 
(average 
over 32 sample 
lots) 


2. Wave 
solder 
(2 sec total 
immersion 
@ 260'C) 


= 
16 failures/1201 
samples 
= 
1.3% 
(average 
over 27 sample 
lots) 


Package: 
SO-14 
lead 


Test: 
Bias moisture 
test 85% 
R.H. 


85'C 
for 2,000 
hours 


Device: 
LM324M 


In Table 
V we examine 
the tolerance 
of the Small-Outlined 
(SOIC) 
package 
to varying 
immersion 
time 
in a hot solder 
pot. 
SO-14 
lead 
molded 
packages 
were 
subjected 
to the 
bias moisture 
test after being treated 
to the various 
solder- 


ing conditions 
and repeated 
four (4) times. 
End point was an 
electrical 
test after an equivalent 
of 4,000 hours 85/85 
test. 


Results 
were 
compared 
for 
packages 
by 
themselves 


against 
packages 
which were surface-mounted 
onto a FR-4 


printed 
wire board. 


Unmounted 
Mounted 


ControllVapor 
Phase 
0/114 
0/84 
15 sec @215'C 


Solder Dip 
2/144(1.4%) 
0/85 
4 See @260'C 


Solder 
Dip 
- 
0/83 
4Sec@260'C 


Solder 
Dip 
13/248 
(5.2%) 
1/76(1.3%) 
6Sec@260'C 


Solder 
Dip 
14/127 
(11.0%) 
3/79 
(3.8%) 
10 Sec @ 260'C 


Package: 
SO-14 lead 


Device: 
LM324M 


Since the package 
is of very small mass and experiences 
a 
rather sharp thermal 
shock followed 
by stresses 
created 
by 


the mismatch 
in expansion, 
the results 
show 
the packages 
being susceptible 
to failures 
after being immersed 
in excess 
of 6 seconds 
in a solder 
pot. In the second 
case where 
the 
packages 
were 
mounted, 
the effect 
of severe 
temperature 
excursion 
was reduced. 
In any case, because 
of the repeat- 
ed treatment, 
the package 
had failures 
when 
subjected 
in 
excess 
of 6 seconds 
immersion 
in hot solder. 
The 
safety 
margin 
is therefore 
recommended 
as maximum 
4 seconds 


immersion. 
If packages 
were 
immersed 
longer 
than 
4 sec- 
onds, there 
is a probable 
chance 
of finding 
some 
long term 
reliability 
failures 
even though 
the immediate 
electrical 
test 
data could 
be acceptable. 


were analyzed 
and corrosion 
was checked 
for in each case 


to detect 
flaws 
in package 
integrity. 


TABLE 
VI. U.S. Manufacturing 
Integrated 
Circuits 


Reliability 
in Various 
Solder 
Environments 
(# Failure/Total 
Environment) 


Package 
Vapor 
Wave 
Wave 
Wave 
Wave 


Phase 
Solder 
Solder 
Solder 
Solder 


SO-8 
30 sec 
2sec 
4 sec 
6sec 
10 sec 


Manuf A 
8/30' 
1/30' 
0/30 
12/30' 
16/30' 


Manuf B 
2/30' 
8/30' 
2/30' 
22/30' 
20/30' 


ManufC 
0/30 
0/29 
0/29 
0/30 
0/30 


ManufD 
1/30' 
12/30' 
14/30' 
2130' 


ManufE 
1/30" 
0/30 
0/30 
0/30 


ManufF 
0/30 
0/30 
0/30 
0/30 


NSC 
0/30 
0/30 
0/30 
0/30 


·Corrosion failures 


"No 
Visual Defects-Nan-corrosion failues 


Test Accelerated Bias Moisture Test 
85% 
R.H.l8S'"C. 6,000 equivalent 


hours 
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ing totally 
immersed 
in hot solder wave during printed 
circuit 
board 
soldering, 
surface 
mounted 
components 
such 
as 


SOICs (Small Outline) 
are expected 
to survive a total immer- 
sion 
in the 
hot 
solder 
in order 
to capitalize 
on 
maximum 
population 
on boards. 
Being 
constructed 
from 
a thermoset 
plastic 
of relatively 
low T9 compared 
to the soldering 
tem- 
perature, 
the ability 
of the package 
to survive 
is dependent 
on the time of immersion 
and also the cleanliness 
of materi- 
al. The results 
indicate 
that one should 
limit the immersion 
time of the package 
in the solder 
wave to a maximum 
of 4 
seconds 
in order to truly duplicate 
the reliability 
of a DIP. As 


the package 
size is reduced, 
as in a SO-8 lead, the require- 


ment becomes 
even more critical. 
This is shown 
by the vari- 


ous manufacturers' 
performance. 
Results 
indicate 
there 
is 


room for improvement 
since 
not all survived 
the hot solder 


immersion 
without 
compromise 
to lower reliability. 


t!JNational 
Semiconductor 


Recommended 
Soldering Profiles-Surface 
Mount 


Wave 
IR 
Vapor 
Solder 
Profile 
Phase 


Ramp Up 'C/sec 
Maximum 
6'C/sec 
4'C/sec 
24'C/sec 


Recommended 
4'C/sec' 
2'C/sec' 
2'C/sec 


Minimum 
.. 
.. 
.. 


aT 
Maximum 
135'C 
N/A 
N/A 


Recommended 
120'C 
N/A 
N/A 


Minimum 
110'C 
N/A 
N/A 


Dwell Time :2 183'C 
Maximum 
N/A 
85 seconds 
85 seconds 


Recommended 
N/A 
75 seconds' 
75 seconds' 


Minimum 
N/A 
30 seconds" 
.. 


Solder Temperature 
Maximum 
260'C 
240'C'" 
219'C 


Recommended 
240'C 
215'C' 
215'C' 


Minimum 
.. 
.. 
.. 


Dwell Time 
@ Max. 
Maximum 
4 seconds 
10 seconds 
75 


Recommended 
3 seconds 
5 seconds 
70 seconds 


Minimum 
.. 
1 second 
.. 


Ramp Down 'C/sec 
Maximum 
No Information 
4'C/sec 
4'C/sec 


Recommended 
4'C/sec 
2'C/sec 
2'C/sec 


Minimum 
No Information 
.. 
.. 


Note: Temperature 
in degrees 
celclus. NI A = Not Applicable . 


.6.T 
= The temperature 
differential 
between 
the final preheat 
stage and the soldering stage. Temperature 
measured 
at the component 
lead area. 


·Will vary depending 
on board density, geometry, 
and package 
type . 


• ·WiII vary depending 
on package 
types, and board density. 


• •.• For plastic packages; 
ceramic 
packages 
maximum 
may be 2S00C. 


Small Outline (SO) Package 
Surface Mounting Methods- 
Parameters and Their 
Effect on Product Reliability 


The SO (small outline) package has been developed to 
meet customer demand for ever-increasing miniaturization 
and component density. 


COMPONENT 
SIZE COMPARISON 
CTI--, 
I 
I 
L_-l 


Because of its small size, reliability of the product assem- 
bled in SO packages needs to be carefully evaluated. 


SO packages at National were internally qualified for pro- 
duction under the condition that they be of comparable reli- 
ability performance to a standard dual in line package under 
all accelerated environmental tests. Figure A is a summary 
of accelarated bias moisture test performance on 30V bipo- 
lar and 15V CMOS product assembled in SO and DIP (con- 
trol) packages. 


V+ = 15VCMOS 
30V BIPOLAR 
85%RH/85OC 
TEST CONDITION 


National Semiconductor 
Application 
Note 450 
Josip Huljev 
W. K. Boey 


In order to achieve reliability performance comparable to 
DIPs-SO 
packages are designed and built with materials 
and processes that effectively compensate for their small 
size. 
All SO packages tested on 85%RA, 85'C were assembled 
on PC conversion boards using vapor-phase reflow solder- 
ing. With this approach we are able to measure the effect of 
surface mounting methods on reliability of the process. As 
illustrated in Figure A no significant difference was detected 
between the long term reliability performance of surface 
mounted S.O. packages and the DIP control product for up 
to 6000 hours of accelerated 85%/85'C 
testing. 


SURFACE·MOUNT 
PROCESS 
FLOW 
The standard process flowcharts for basic surface-mount 
operation and mixed-lead insertion/surface-mount 
opera- 
tions, are illustrated on the following pages. 
Usual variations encountered by users of SO packages are: 
• Single-sided boards, surface-mounted components only. 


• Single-sided boards, mixed-lead inserted and surface- 
mounted components. 
• Double-sided boards, surface-mounted components only. 


• Double-sided boards. mixed-lead inserted and surface- 
mounted components. 
In consideration of these variations, it became necessary for 
users to utilize techniques involving wave soldering and ad- 
hesive applications, along with the commonly-used vapor- 
phase solder reflow soldering technique. 


PRODUCTION 
F,LOW 


Basic Surface-Mount 
Production 
Flow 


Mixed Surface-Mount 
and Axial-Leaded 
Insertion 
Components 
Production 
Flow 
Thermal 
stress 
of the 
packages 
during 
surface-mounting 
processing 
is more 
severe 
than 
during 
standard 
DIP 
PC 
board 
mounting 
processes. 
Figure 
B illustrates 
package 
temperature 
versus 
wave 
soldering 
dwell 
time 
for 
surface 
mounted 
packages 
(components 
are 
immersed 
into 
the 
molten 
solder) 
and the 
standard 
DIP wave 
soldering 
pro- 
cess. (Only leads of the package 
are immersed 
into the mol- 


ten solder). 


o 
1 2 
3 
• 
5 
6 
7 
8 
9 10 SEC. 


DWELL 
T1t.1E 


For an 
ideal 
package, 
the 
thermal 
expansion 
rate 
of the 
encapsulant 
should 
match 
that of the leadframe 
material 
in 
order for the package 
to maintain 
mechanical 
integrity 
dur- 
ing the soldering 
process. 
Unfortunately, 
a perfect 
matchup 
of thermal 
expansion 
rates with most presently 
used pack- 
aging materials 
is scarce. 
The problem 
lies primarily 
with the 
epoxy 
compound. 


Normally, 
thermal 
expansion 
rates 
for 
epoxy 
encapsulant 
and metal 
lead frame 
materials 
are linear and remain 
fairly 
close at temperatures 
approaching 
160°C, Figure C. At low- 


er temperatures 
the difference 
in expansion 
rate of the two 
materials 
is not great enough 
to cause 
interface 
separation. 


However, 
when 
the 
package 
reaches 
the 
glass-transition 
temperature 
(Tg) of epoxy 
(typically 
160-165°C), 
the ther- 


mal expansion 
rate of the 
encapsulant 
increases 
sharply, 


and the material 
undergoes 
a transition 
into a plastic 
state. 


The epoxy 
begins 
to expand 
at a rate three 
times 
or more 
greater 
than 
the 
metal 
leadframe, 
causing 
a separation 
at 
the interface. 


,, 
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FIGUREC 
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contaminants 
can eventually 
diffuse 
into the interior 
of the 
package, 
especially 
in the presence 
of moisture. 
The result 
is die 
contamination, 
excessive 
leakage, 
and 
even 
cata- 
strophic 
failure. 
Unfortunately, 
electrical 
tests performed 
im- 
mediately 
following 
soldering 
may not detect 
potential 
flaws. 


Most 
soldering 
processes 
involve 
temperatures 
ranging 
up 
to 260·C, 
which 
far exceeds 
the 
glass-transition 
tempera- 
ture of epoxy. 
Clearly, 
circuit 
boards 
containing 
SMD pack- 
ages 
require 
tighter 
process 
controls 
than 
those 
used 
for 
boards 
populated 
solely 
by DIPs. 


Figure 0 
is a summary 
of accelerated 
bias 
moisture 
test 
performance 
on the 30V bipolar 
process. 


Group 
1 - 
Standard 
DIP package 


Group 2 - 
SO packages 
vapor-phase 
reflow 
soldered 
on 
PC boards 


Group 3-6 
SO packages 
wave 
soldered 
on PC boards 


Group 3 - 
dwell time 2 seconds 


4 - 
dwell time 4 seconds 


5 - 
dwell time 6 seconds 


6 - 
dwell 
time 10 seconds 


FIGURED 


It is clear 
based 
on the data 
presented 
that 
SO packages 
soldered 
onto 
PC boards 
with the vapor 
phase 
reflow 
pro- 
cess 
have 
the 
best 
long term 
bias 
moisture 
performance 
and this is comparable 
to the performance 
of standard 
DIP 
packages. 
The key advantage 
of reflow 
soldering 
methods 


is the 
clean 
environment 
that 
minimized 
the 
potential 
for 
contamination 
of surface 
mounted 
packages, 
and 
is pre- 
ferred 
for the surface-mount 
process. 


When wave soldering 
is used to surface 
mount components 
on the board, the dwell time of the component 
under molten 
solder should 
be no more than 4 seconds, 
preferrably 
under 
2 seconds 
in order 
to prevent 
damage 
to the component. 


Non-Halide, 
or (organic 
acid) fluxes 
are highly recommend- 
ed. 


PICK AND PLACE 


The choice 
of automatic 
(all generally 
programmable) 
pick- 
and-place 
machines 
to handle 
surface 
mounting 
has grown 
considerably, 
and 
their 
selection 
is 
based 
on 
individual 
needs 
and degree 
of sophistication. 


- 
Fixed placement 
stations 


- 
Boards 
indexed 
under 
head 
and 
respective 
compo- 


nents placed 


(b) Sequential 
placement 


- 
Either a x-v moving 
table system 
or a 6, X-V moving 
pickup 
system 
used 


-Individual 
components 
picked and placed onto boards 


(c) Simultaneous 
placement 


- 
Multiple 
pickup 
heads 


- 
Whole 
array of components 
placed 
onto 
the 
PCB at 
the same time 


(d) Sequential/simultaneous 
placement 


- 
X- V moving 
table, 
multiple 
pickup 
heads 
system 


- 
Components 
placed 
on PCB by successive 
or simul- 
taneous 
actuation 
of pickup 
heads 


The 
SO package 
is treated 
almost 
the 
same 
as surface- 
mount, 
passive 
components 
requiring 
correct 
orientation 
in 
placement 
on the board. 


Pick and Place Action 


BAKE 


This is recommended, 
despite 
claims 
made by some solder 
paste 
suppliers 
that this step be omitted. 


The functions 
of this step are: 


• Holds down 
the solder 
globules 
during subsequent 
reflow 
soldering 
process 
and prevents 
expulsion 
of small 
solder 
balls. 


• Acts as an adhesive 
to hold the components 
in place dur- 
ing handling 
between 
placement 
to reflow 
soldering. 


• Holds 
components 
in position 
when 
a double-sided 
sur- 
face-mounted 
board 
is held upside 
down 
going into a va- 


por-phase 
reflow 
soldering 
operation. 


• Removes 
solvents 
which 
might 
otherwise 
contaminate 
other 
equipment. 


• Initiates 
activator 
cleaning 
of surfaces 
to be soldered. 


• Prevents 
moisture 
absorption. 


The process 
is moreover 
very simple. The usual schedule 
is 
about 
20 minutes 
in a 6S·C-9S·C 
(dependent 
on solvent 
system 
of solder 
paste) oven with adequate 
venting. 
Longer 
bake 
time 
is not 
recommended 
due 
to the 
following 
rea- 


sons: 


• The flux will degrade 
and affect 
the characteristics 
of the 
paste. 


• Solder globules 
will begin to oxidize and cause solderabili- 
ty problems. 


• The 
paste 
will creep 
and after 
ref low, may leave 
behind 
residues 
between 
traces 
which 
are difficult 
to remove 
and 


vulnerable 
to electro-migration 
problems. 


REFLOW 
SOLDERING 


There 
are various 
methods 
for reflowing 
the 
solder 
paste, 


namely: 


• Hot air reflow 


• Infrared 
heating 
(furnaces) 


• Convectional 
oven 
heating 


• Vapor-phase 
reflow 
soldering 


• Laser soldering 


For SO applications, 
hot air reflow/infrared 
furnace 
may be 
used for low-volume 
production 
or prototype 
work, 
but va- 
por-phase 
soldering 
reflow 
is more efficient 
for consistency 
and speed. 
Oven 
heating 
is not recommended 
because 
of 


"hot 
spots" 
in the oven and uneven 
melting 
may result. 
La- 
ser soldering 
is more 
for 
specialized 
applications 
and 
re- 
quires 
a great 
amount 
of investment. 


HOT GAS REFLOW/INFRARED 
HEATING 


A hand-held 
or table-mount 
air blower 
(with appropriate 
ori- 


fice mask) can be used. 


The boards 
are preheated 
to about 
100·C and then subject- 
ed to an air jet at about 
260·C. 
This is a slow process 
and 
results 
may be inconsistent 
due to various 
heat-sink 
proper- 


ties of passive 
components. 


INFRARED 
REFLOW 
SOLDERING 


Use 
of an 
infrared 
furnace 
is currently 
the 
most 
popular 
method 
to automate 
mass 
reflow, 
the heating 
is promoted 
by use of IR lamps or panels. 
Early objections 
to this meth- 
od were that certain 
materials 
may heat up at different 
rates 
under IR radiation 
and could result in damage 
to those com- 


ponents 
(usually 
sockets 
and 
connectors). 
This 
has been 
minimized 
by using far-infrared 
(non-focused) 
systems 
and 


convected 
air. 
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VAPOR·PHASE 
REFLOW 
SOLDERING 


Currently 
the 
most 
popular 
and consistent 
method, 
vapor- 
phase 
soldering 
utilizes 
a fluoroinert 
fluid 
with 
excellent 
heat-transfer 
properties 
to heat up components 
until the sol- 
der paste 
rellows. 
The maximum 
temperature 
is limited 
by 


the vapor 
temperature 
of the fluid. 


The commonly 
used fluids 
(supplied 
by 3M Corp) are: 


• FC-lO, 
21S·C vapor 
(most 
applications) 
or FX-38 


• FC-l1, 
2S3·C vapor 
(low-lead 
or tin-plate) 


HTC, 
Concord, 
CA, 
manufaC'tures 
equipment 
that 
utilizes 
this technique, 
with two options: 


• Batch systems, 
where 
boards 
are lowered 
in a basket 
and 
subjected 
to the vapor 
from 
a tank of boiling 
fluid. 


• In-line 
conveyorized 
systems, 
where 
boards 
are 
placed 
onto 
a continuous 
belt which 
transports 
them 
into a con- 


cealed 
tank where 
they are SUbjected 
to an environment 


of hot vapor. 


Dwell time in the vapor 
is generally 
on the order 
of 1S-30 
seconds 
(depending 
on the 
mass 
of the 
boards 
and 
the 
loading 
density 
of boards 
on the belt). 


Vapor-Phase 
Profile 
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In-Line 
Conveyorized 
Vapor-Phase 
Soldering 
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The question 
of thermal 
shock 
is asked 
frequently 
because 


of the 
relatively 
sharp 
increase 
in component 
temperature 


from room temperature 
to 21S·C. SO packages 
mounted 
on 


representative 
boards 
have 
been 
tested 
and 
have 
shown 
little effect 
on the integrity 
of the packages. 
Various 
pack- 
ages, such as cerdips, 
metal cans and TO-S cans with glass 
seals, 
have also been tested. 


Batch-Fed 
Production 
Vapor-Phase 
Soldering 
Unit 


SECONDARY 
COILS 


PRINTED 
CIRCUIT 
BOARD 


The SO package is molded out of clean, thermoset plastic 
compound and has no particular compatibility problems with 
most printed circuit board substrates. 
The package can be reliably mounted onto substrates such 
as: 


• G10 or FR4 glass/resin 
• FR5 glass/resin systems for high-temperature 


applications 


• Polymide boards, also high-temperature 
applications 


• Ceramic substrates 
General requirements for printed circuit boards are: 


• Mounting pads should be solder-plated whenever 


applicable. 


• Solder masks are commonly used to prevent solder bridg- 
ing of fine lines during soldering. 
The mask also protects circuits from processing chemical 
contamination and corrosion. 


If coated over pre-tinned traces, residues may accumulate 
at the mask/trace 
interface during subsequent reflow, 
leading to possible reliability failures. 


Recommended application of solder resist on bare, clean 
traces prior to coating exposed areas with solder. 
General requirements for solder mask: 
- 
Good pattern resolution. 
- 
Complete coverage of circuit lines and resistance to 
flaking during soldering. 


- 
Adhesion should be excellent on substrate material to 
keep off moisture and chemicals. 


- 
Compatible with soldering and cleaning requirements. 


SOLDER 
PASTE SCREEN 
PRINTING 


With the initial choice of printed circuit lithographic design 
and substrate material, the first step in surface mounting is 
the application of solder paste. 
The typical lithographic "footprints" 
for SO packages are 


illustrated below. Note that the 0.050" lead center-center 
spacing is not easily managed by commercially-available air 
pressure, hand-held dispensers. 
Using a stainless-steel, wire-mesh screen stencilled with an 
emulsion image of the substrate pads is by far the most 


common and well-tried method. The paste is forced through 
the screen by a V-shaped plastic squeegee in a sweeping 
manner onto the board placed beneath the screen. 


The setup for SO packages has no special requirement 
from that required by other surface-mounted, passive com- 
ponents. Recommended working specifications are: 


• Use stainless-steel, wire-mesh screens, #80 or #120, 


wire diameter 2.6 mils. Rule of thumb: mesh opening 
should be approximately 2.5-5 times larger than the aver- 
age particle size of paste material. 


• Use squeegee of Durometer 70. 
• Experimentation with squeegee travel speed is recom- 


mended, if available on machine used. 


• Use solder paste of mesh 200-325. 
• Emulsion thickness of 0.005" usually used to achieve a 


solder paste thickness (wet) of about 0.008" typical. 


• Mesh pattern should be 90 degrees, square grid. 
• Snap-off height of screen should not exceed 'Is" , to avoid 


damage to screens and minimize distortion. 


SOLDER 
PASTE 
Selection of solder paste tends to be confusing, due to nu- 
merous formulations available from various manufacturers. 
In general, the following guidelines are sufficient to qualify a 
particular paste for production: 
• Particle sizes (see following photographs). Mesh 325 (ap- 


proximately 45 microns) should be used for general pur- 
poses, while larger (solder globules) particles are pre- 
ferred for leadless components (LCG).The larger particles 
can easily be used for SO packages. 


• Uniform particle distribution. Solder globules should be 


spherical in shape with uniform diameters and minimum 
amount of elongation (visual under 100/200 x magnifica- 
tion). Uneven distribution causes uneven melting and sub- 
sequent expulsion of smaller solder balls away from their 
proper sites. 


• Composition, generally 60/40 or 63/37 Sn/Pb. Use 62/36 


Sn/Pb with 2% Ag in the presence of Au on the soldering 
area. This formulation reduces problems of metal leaching 
from soldering pads. 


• RMA flux system usually used. 
• Use paste with aproximately 88-90% 
solids. 


RECOMMENDED 
SOLDER 
PADS FOR SO PACKAGES 
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CLEANING 


The most critical 
process 
in surface 
mounting 
SO packages 
is in the cleaning 
cycle. The package 
is mounted 
very close 
to the surface 
of the substrate 
and has a tendency 
to collect 
residue 
left behind 
after reflow 
soldering. 


Important 
considerations 
in cleaning 
are: 


• Time 
between 
soldering 
and 
cleaning 
to be as short 
as 
possible. 
Residue 
should 
not be allowed 
to solidify 
on the 
substrate 
for 
long 
periods 
of time, 
making 
it difficult 
to 
dislodge. 


• A low surface 
tension 
solvent 
(high penetration) 
should 
be 
employed. 
CFC solvents 
are being phased 
out as they are 
hazardous 
to 
the 
environment. 
Other 
approaches 
to 
cleaning 
are commercially 
available 
and should 
be investi- 
gated on an individual 
basis considering 
local and govern- 
ment environmental 
rules. 


Prelete 
or 1,1,1-Trichloroethane 
Kester 
5120/5121 


• A defluxer 
system 
which 
allows 
the workpiece 
to be sub- 
jected 
to a solvent 
vapor, 
followed 
by a rinse in pure sol- 
vent and a high-pressure 
spray lance are the basic requir- 
ments 
for low-volume 
production. 


• For volume 
production, 
a conveyorized, 
multiple 
hot sol- 
vent spray/jet 
system 
is recommended. 


• Rosin, 
being 
a natural 
occurring 
material, 
is not 
readily 
soluble 
in solvents, 
and has long been a stumbling 
block 
to the cleaning 
process. 
In recent 
developments, 
synthet- 
ic flux 
(SA flux), 
which 
is readily 
soluble 
in Freon 
TMS 
solvent, 
has 
been 
developed. 
This 
should 
be 
explored 
where 
permissible. 


The dangers 
of an inadequate 
cleaning 
cycle 
are: 


• Ion 
contamination, 
where 
ionic 
residue 
left 
on 
boards 
would 
cause 
corrosion 
to metallic 
components, 
affecting 
the performance 
of the board. 


• Electro-migration, 
where 
ionic residue 
and moisture 
pres- 
ent 
on 
electrically-biased 
boards 
would 
cause 
dentritic 
growth 
between 
close 
spacing 
traces 
on the 
substrate, 
resulting 
in failures 
(shorts). 


REWORK 


Should 
there 
be a need to replace 
a component 
or re-align 
a previously 
disturbed 
component, 
a hot air system 
with ap- 
propriate 
orifice 
masking 
to 
protect 
surrounding 
compo- 
nents 
may be used. 


When 
rework 
is necessary 
in the field, 
specially-designed 
tweezers 
that thermally 
heat the component 
may be used to 
remove 
it from its site. The replacement 
can be fluxed at the 
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lead tips 
or, if necessary, 
solder 
paste 
can 
be dispensed 
onto 
the 
pads 
using 
a varimeter. 
After 
being 
placed 
into 
position, 
the 
solder 
is reflowed 
by a hot-air 
jet or even 
a 
standard 
soldering 
iron. 


WAVE SOLDERING 


In a case 
where 
lead 
insertions 
are 
made 
on the 
same 
board 
as surface-mounted 
components, 
there 
is a need to 
include 
a wave-soldering 
operation 
in the process 
flow. 


Two options 
are used: 


• Surface 
mounted 
components 
are 
placed 
and 
vapor 
phase reflowed 
before 
auto-insertion 
of remaining 
compo- 
nents. 
The board 
is carried 
over 
a standard 
wave-solder 
system 
and the underside 
of the board 
(only lead-inserted 
leads) 
soldered. 


• Surface-mounted 
components 
are placed 
in position, 
but 
no solder 
paste is used. Instead, 
a drop of adhesive 
about 
5 mils 
maximum 
in height 
with 
diameter 
not 
exceeding 
25% width of the package 
is used to hold down the pack- 
age. The adhesive 
is cured 
and then 
proceeded 
to auto- 
insertion 
on the reverse 
side of the board 
(surface-mount- 
ed side facing 
down). The assembly 
is then passed 
over a 
"dual 
wave" 
soldering 
system. 
Note 
that 
the 
surface- 
mounted 
components 
are immersed 
into the 
molten 
sol- 
der. 


Lead 
trimming 
will 
pose 
a problem 
after 
soldering 
in the 
latter 
case, 
unless 
the 
leads 
of the 
insertion 
components 
are pre-trimmed 
or the board 
specially 
designed 
to localize 
certain 
areas for easy access 
to the trim blade. 


The controls 
required 
for wave soldering 
'are: 


• Solder 
temperature 
to be 240-260·C. 
The dwell 
time 
of 
components 
under 
molten 
solder 
to be short 
(preferably 
kept under 
2 seconds), 
to prevent 
damage 
to most 
com- 
ponents 
and semiconductor 
devices. 


• RMA (Rosin 
Mildly Activated) 
flux or more aggressive 
OA 
(Organic 
Acid) 
flux are applied 
by either 
dipping 
or foam 
flUXing on boards 
prior to preheat 
and soldering. 
Cleaning 
procedures 
are also more difficult 
(aqueous, 
when OA flux 
is used), as the entire 
board 
has been treated 
by flux (un- 
like solder 
paste, 
which 
is more 
or less 
localized). 
Non- 
halide 
OA fluxes 
are highly recommended. 


• Preheating 
of boards 
is essential 
to reduce 
thermal 
shock 
on 
components. 
Board 
should 
reach 
a temperature 
of 
about 
100·C just before 
entering 
the solder 
wave. 


• Due 
to the 
closer 
lead 
spacings 
(0.050" 
vs 0.100" 
for 
dual-in-line 
packages), 
bridging 
of traces 
by solder 
could 
occur. 
The 
reduced 
clearance 
between 
packages 
also 
causes 
"shadowing" 
of some areas, 
resulting 
in poor sol- 
der coverage. 
This is minimized 
by dual-wave 
solder 
sys- 
tems. 


t t t t 


A typical 
dual-wave 
system 
is illustrated 
below, showing 
the 


various 
stages 
employed. 
The first wave typically 
is in turbu- 


lence 
and given 
a transverse 
motion 
(across 
the motion 
of 


the board). 
This covers 
areas where 
"shadowing" 
occurs. 
A 


second 
wave 
(usually 
a broad 
wave) 
then 
proceeds 
to per- 


form 
the standard 
soldering. 
The departing 
edge 
from 
the 


solder 
is such to reduce 
"icicles," 
and is still further 
reduced 


by an air knife placed 
close to the final soldering 
step. This 


air knife will blow off excess 
solder 
(still in the fluid stage) 


which 
would 
otherwise 
cause 
shorts 
(bridging) 
and 
solder 


bumps. 


AQUEOUS 
CLEANING 


• For volume 
production, 
a conveyorized 
system 
is often 


used with a heated 
recirculating 
spray 
wash 
(water 
tem- 


perature 
130°C), 
a final 
spray 
rinse 
(water 
temperature 


45-55°C), 
and a hot (120°C) air/air-knife 
drying section. 


• For 
low-volume 
production, 
the 
above 
cleaning 
can 
be 


done 
manually, 
using 
several 
water 
rinses/tanks. 
Fast· 


drying 
solvents, 
like alcohols 
that are miscible 
with water, 


are sometimes 
used to help the drying 
process. 


• Neutralizing 
agents 
which will react with the corrosive 
ma- 


terials 
in the flux and produce 
material 
readily 
soluble 
in 


water may be used; the choice 
depends 
on the type of flux 


used. 


• Final rinse water should 
be free from chemicals 
which are 


introduced 
to maintain 
the biological 
purity 
of the water. 
These 
materials, 
mostly 
chlorides, 
are detrimental 
to the 


assemblies 
cleaned 
because 
they 
introduce 
a 
fresh 


amount 
of ionizable 
material. 


CONFORMAL 
COATING 


Conformal 
coating 
is recommended 
for high-reliability 
PCBs 


to 
provide 
insulation 
resistance, 
as 
well 
as 
protection 


against 
contamination 
and degradation 
by moisture. 


Requirements: 


• Complete 
coating 
over components 
and solder 
joints. 


• Thixotropic 
material 
which 
will not flow 
under 
the 
pack- 


ages or fill voids, otherwise 
will introduce 
stress 
on solder 


joints 
on expansion. 


• Compatibility 
and 
possess 
excellent 
adhesion 
with 
PCB 


material! 
components. 


• Silicones 
are recommended 
where 
permissible 
in 
application. 


mounting processes. 
Service-Investigate 
problems experienced by users on 


surface mounting. 


Reliability 
Builds-Assemble 
surface-mounted units for re- 


liability data acquisition. 


Equipment-In 
conjunction with equipment manufacturers, 


develop customized equipments to handle high density, 
new technology packages developed by National. 


In-House 
Expertise-Availability 
of in-house expertise on 


semiconductor research/development 
to assist users on 


packaging queries. 


f}1National 
Semiconductor 


The following 
land pattern 
recommendations 
are provided 
as guidelines 
for board 
layout and assembly 
purposes. 


These 
recommendations 
cover the following 
National 
Semiconductor 
packages: 
PLCC, PQFP, SOP, SSOP and TSOP. 


For SOT-23 
(5-Lead) 
and TO-263 
(3- or 5-Lead) 
packages, 
refer to land patterns 
shown 
in the Physical 
Dimensions 
for MA05A 
and TS3B 
or TS5B 
packages, 
respectively. 


Plastic Leaded 
Chip Carriers 
(PLCC) 
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D 
D' 
Lead 
L 
L' 
W 
P 
A 
A' 
B 
B' 
X 


Body 
Body 
Count 
Lead Tip 
Lead Tip 
Lead 
Lead/Pad 
Inner Pad 
JJmerPad 
Outer 
Pad 
Outer 
Pad 
Land 


Size 
Size 
No. 
to Tip 
to Tip 
Width 
Pitch 
to Pad Edge 
to Pad Edge 
to Pad Edge 
to Pad Edge 
Width 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 


8.89 
8.89 
20 
10.03 
10.03 
0.53 
1.27 
6.73 
6.73 
10.80 
10.80 
0.63 


11.43 
11.43 
28 
12.57 
12.57 
0.53 
1.27 
9.27 
9.27 
13.34 
13.34 
0.63 


11.43 
14.05 
32 
12.57 
15.11 
0.53 
1.27 
9.27 
12.00 
13.34 
16.00 
0.63 


16.51 
16.51 
44 
17.65 
17.65 
0.53 
1.27 
14.35 
14.35 
18.42 
18.42 
0.63 


19.05 
19.05 
52 
20.19 
20.19 
0.53 
1.27 
16.89 
16.89 
20.96 
20.96 
0.63 


24.13 
24.13 
68 
25.27 
25.27 
0.53 
1.27 
21.97 
21.97 
26.04 
26.04 
0.63 


29.21 
29.21 
84 
30.35 
30.35 
0.53 
1.27 
27.05 
27.05 
31.12 
31.12 
0.63 


Plastic Quad flat 
Packages 
(PQfP) 
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0 
0' 
Lead 
L 
L' 
W 
P 
A 
A' 
B 
B' 
X 


Body 
Body 
Count 
Lead Tip 
Lead Tip 
Lead 
Lead/Pad 
Inner Pad 
Inner Pad 
Outer 
Pad 
Outer 
Pad 
Land 


Size 
Size 
No. 
to Tip 
to Tip 
Width 
Pitch 
to Pad Edge 
to Pad Edge 
to Pad Edge 
to Pad Edge 
Width 


(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 


7 
7 
40 
9,29 
9.29 ' 
0.26 
0.50 
7.50 
7.50 
9.78 
9.78 
0.30 


7 
7 
48 
9.40 
9.40 
0.27 
0.50 
6.88 
6.90 
10.42 
10.40 
0.32 


10 
10 
44 
13.35 
13.35 
0.45 
0.80 
10.53 
10.53 
14.47 
14.47 
0.55 


10 
10 
52 
14.15 
14.15 
0.38 
0.65 
9.08 
9.08 
15.17 
15.17 
0.43 


12 
12 
64 
14.00 
14.00 
0.38 
0.65 
11.48 
11.48 
15.02 
15.02 
0.43 


14 
14 
80 
18.15 
18.15 
0.38 
0.65 
13.08 
13.08 
19.17 
19.17 
0.43 


14 
20 
80 
17.80 
23.80 
0.35 
0.80 
13.50 
19.50 
18.50 
24.50 
0.40 


14 
14 
100 
17.45 
17.45 
0.30 
0.50 
13.08 
13.08 
18.47 
18.47 
0.35 


14 
20 
100 
17.80 
23.80 
0.30 
0.65 
13.50 
19.50 
18.50 
24.50 
0.35 


20 
20 
100 
24.30 
18.30 
0.40 
0.65 
21.28 
15.28 
25.32 
19.32 
0.45 


24 
24 
132 
24.21 
24.21 
0.30 
0.64 
21.67 
21.67 
25.23 
25.23 
0.40 


28 
28 
120 
32.15 
32.15 
0.45 
0.80 
27.88 
- 27.88 
33.17 
33.17 
0.55 


28 
28 
128 
31.45 
31.45 
0.45 
0.80 
28.03 
28.03 
32.47 
32.47 
0.55 


28 
28 
144 
32.15 
32.15 
0.38 
0.65 
28.03 
28.03 
33.17 
33.17 
0.43 


28 
28 
160 
32.40 
32.40 
0.38 
0.65 
29.48 
29.48 
33.42 
33.42 
0.43 


28 
28 
208 
30.60 
30.60 
0.30 
0.50 
28.08 
28.08 
31.62 
31.62 
0.35 


JEDEC Small Outline 
and Shrink Small Outline 
Packages 
(SOP and SSOP) 
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TLIP/11811-3 


0 
C 
L 
W 
P 
A 
B 
X 


Body 
Lead 
Shoulder 
Lead Tip 
Lead 
Lead/Pad 
Inner Pad 
Outer 
Pad 
Pad 


Size 
Count 
to Shoulder 
to Tip 
Width 
Pitch 
to Pad Edge 
to Pad Edge 
Width 


(In) 
No. 
(In) 
(In) 
(In) 
(In) 
(In) 
(In) 
(in) 


SOP 


0.150 
8 
0.144 
0.244 
0.020 
0.050 
0.094 
0.294 
0.028 


0.150 
14 
0.144 
0.244 
0.020 
0.050 
0.094 
0.294 
0.028 


0.150 
16 
0.144 
0.244 
0.020 
0.050 
0.094 
0.294 
0.028 


0.300 
14 
0.3300 
0.4100 
0.0190 
0.0500 
0.2800 
0.4600 
0.0270 


0.300 
16 
0.3300 
0.4100 
0.0190 
0.0500 
0.2800 
0.4600 
0.0270 


0.300 
20 
0.3300 
0.4100 
0.0190 
0.0500 
0.2800 
0.4600 
0.0270 


0.300 
24 
0.3300 
0.4100 
0.0190 
0.0500 
0.2800 
0.4600 
0.0270 


0.300 
28 
0.3300 
0.4100 
0.0190 
0.0500 
0.2800 
0.4600 
0.0270 


SSOP 


0.150 
20 
0.185 
0.241 
0.010 
0.025 
0.145 
0.281 
0.014 


0.150 
24 
0.185 
0.241 
0.010 
0.025 
0.145 
0.281 
0.014 


0.300 
48 
0.340 
0.420 
0.012 
0.025 
0.300 
0.460 
0.016 


0.300 
56 
0.340 
0.420 
0.012 
0.025 
0.300 
0.460 
0.016 
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TL/P/11811-4 


D 
C 
L 
W 
P 
A 
B 
X 


Body 
Lead 
Shoulder 
Lead Tip 
Lead 
Lead/Pad 
Inner Pad 
Outer 
Pad 
Pad 


Size 
Count 
to Shoulder 
to Tip 
Width 
Pitch 
to Pad Edge 
to Pad Edge 
Width 


(mm) 
No. 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 
(mm) 


SOP TYPE II 


5.300 
14 
6.280 
8.000 
0.400 
1.270 
5.010 
9.270 
0.600 


5.300 
16 
6.280 
8.000 
0.400 
1.270 
5.010 
9.270 
0.600 


5.300 
20 
6.280 
8.000 
0.400 
1.270 
5.010 
9.270 
0.600 


SSOPTYPEII 


5.300 
6.600 
5.584 
9.116 
0.451 


5.300 
6.600 
5.584 
9.116 
0.451 


SSOPTYPEIII 


7.500 
I 
40 
8.900 
10.500 
0.350 
0.650 
7.884 
11.516 
0.452 


TSOPTYPEI 


18.500 
I 
32 
19.000 
20.200 
0.250 
0.500 
17.984 
21.216 
0.301 
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Appendix A 
General Product Marking & Code Explanation 


LF 
356 
N 
/A+ 
11 
I 
Roli""" Pm,,,m '''''''Mo'l 
(Refer to Appendix 
G) 


Package 
Type (See Right) 


Device 
Number 
(Generic 
Type) 
and Suffix Letter (Optional) 
A or B: Improved 
Electrical 
Specification 
C, I, E or M: Temperature 
Range 


Device Family (See Below) 


Device Family 


ADC 
AF 
AH 


DAC 
OM 


HS 


LF 


LH 


LM 


LMC 


LMD 
LP 


LPC 


MF 


LMF 


lAlUTARY 
ONLY 


ESD 


(ELECTROSTATIC 
DISCHARGE) 


INDICATES 
PLANT 
SENSITIVITY 
INDICATOR 


OF 
WANurACTURE 


Data Conversion 


Active 
Filter 


Analog 
Switch 
(Hybrid) 


Data Conversion 


Digital (Monolithic) 


Hybrid 


Linear (BI-FETTM) 


Linear (Hybrid) 


Linear (Monolithic) 


Linear CMOS 


Linear DMOS 


Linear (Low Power) 


Linear CMOS (Low Power) 


Linear (Monolithic 
Filter) 


Linear Monolithic 
Filter 


DATE 
CODE 


NON-MILITARY 


2ND 
DIGIT - CALENDAR 
YEAR 


3RO 
&: 4TH 
DIGITS 
- CALENDAR 
WORK 
WEEK 


MILITARY - 883 
&: ••• 38510 


151 
&: 2ND 
DIGITS - CALENDAR 
YEAR 


3RD 
&: 4TH 
DIGITS 
- CALENDAR 
WORK 
WEEK 


(EXA"PLE, 
920' 
= 'ST 
WEEK 
OF 
1992) 


Glass/Metal 
DIP 
Ceramic 
Leadless 
Chip Carrier (LCG) 


Glass/Metal 
Flat Pak ('/4" x '14") 


12 Lead TO-8 Metal Can (M/G) 
Multi-Lead 
Metal Can (M/G) 
4 Lead M/C 
(TO-5) 
} 
Shipped 
with 
4 Lead M/C 
(TO-46) 
Thermal 
Shield 


Lo-Temp 
Ceramic 
DIP 
8 Lead Ceramic 
DIP ("MiniDIP") 
14 Lead Ceramic 
DIP (-14 used only when 


product 
is also available 
in -8 pkg). 
TO-3 M/C in Steel, except 
LM309K 
which is shipped 
in Aluminum 
KC 
TO-3 M/C 
(Aluminum) 


K Steel 
TO-3 M/C 
(Steel) 


M 
Small Outline 
Package 
M3 
3-Lead 
Small Outline 
Package 
M5 
5-Lead 
Small Outline 
Package 


N 
Molded 
DIP (EPOXY B) 
N-01 
Molded 
DIP (Epoxy B) with Staggered 
Leads 


N-8 
8 Lead Molded 
DIP (Epoxy B) ("Mini-DIP") 


N-14 
14 Lead Molded 
DIP (Epoxy B) 
(-14 used only when product 
is also 
available 
in -8 pkg). 


3 Lead TO-202 
Power Pkg 
Cerdip with UV Window 
3,5,11, & 15 Lead TO-263 
Surf. Mt. Power Pkg 


3,5,11,15 
& 23 Lead TO-220 
PWR Pkg (Epoxy B) 


Multi-lead 
Plastic Chip Carrier (PCG) 


Lo-Temp 
Ceramic 
Flat Pak 
Wide Body Small Outline 
Package 


o 
E 
F 
G 
H 
H-05 
H-46 
J 
J-8 
J-14 


DATE CODE 


1ST DIGIT - 
CALENDAR 
YEAR 
2ND 
DIGIT 
- 
6-WEEK 
PERIOD 


IN CALENDAR 
YEAR 
3RD 
Ie 
HH 
DIGITS 
- 
WAFER 
LOT CODE 


LOGO 


PART 
NU~BER 


PIN 
1 ORIENTATION 


Appendix B 


Device! Application Literature Cross-Reference 


ADCXXXX 
.............•..•...................................................................•............ 
AN-156 


ADC80 
AN-360 


ADC0801 
......•.............•............................... 
AN-233, 
AN-271, 
AN-274, 
AN-280, 
AN-281, 
AN-294, 
LB-53 


ADC0802 
AN-233, 
AN-274, 
AN-280, 
AN-281, 
LB-53 


ADC0803 
............................................................•...... 
AN-233, 
AN-274, 
AN-280, 
AN-281, 
LB-53 


ADC08031 
...............•.....•.......................................................................... 
AN-460 


ADC0804 
....................................•....... 
AN-233, 
AN-274, 
AN-276, 
AN-280, 
AN-281, 
AN-301, 
AN-460, 
LB-53 


ADC0805 
........................•.............•............................ 
AN-233, 
AN-274, 
AN-280, 
AN-281 , LB-53 


ADC0808 
AN-247, 
AN-280, 
AN-281 


ADC0809 
.......•................................................................................. 
AN-247, 
AN-280 


ADC0816 
..................................•....................................... 
AN-193, 
AN-247, 
AN-258, 
AN-280 


ADC0817 
AN-24 7, AN-258, 
AN-280 


ADC0820 
....................................•............................................................ 
AN-237 


ADC0831 
.......•..•.......... 
> ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
AN-280, 
AN-281 


ADC0832 
AN-280, 
AN-281 


ADC0833 
...........................................•............................................. 
AN-280, 
AN-281 


ADC0834 
...................................•..................................................... 
AN-280, 
AN-281 


ADC0838 
...........................•............................................................. 
AN-280, 
AN-281 


ADC1001 
.....................•............................................................ 
AN-276, 
AN-280, 
AN-281 


ADC1005 
AN-280 


ADC10461 
.......................................................................•.....•.................. 
AN-769 


ADC10462 
.............................................................................•.................. 
AN-769 


ADC10464 
....•........................... 
> ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
AN-769 


ADC10662 
................................•...........................•...................•............... 
AN-769 


ADC10664 
..........................................................................•..................... 
AN-769 


ADC12030 
......................................................•......................................... 
AN-929 


ADC12032 
AN-929 


ADC12034 
.............................•...........................•...................................... 
AN-929 


ADC12038 
..........................•..................................................................... 
AN-929 


ADC12H030 
.....•......................................................................................... 
AN-929 


ADC12H032 
.....•......................................................................................... 
AN-929 


ADC12H034 
........•..•..........•........................................................................ 
AN-929 


ADC12H038 
................................................................•..•........................... 
AN-929 


ADC12L030 
................•.........................................................................•.... 
AN-929 


ADC12L032 
AN-929 


ADC12L034 
, 
AN-929 


ADC12L038 
................•.........................................•.................................... 
AN.929 


ADC1210 
............................................................•.................................... 
AN.245 


ADC12441 
...............................................................................•..•............. 
AN.769 


ADC12451 
.................•.............................................................................. 
AN-769 


DACXXXX 
..................................................................•.............................. 
AN-156 


DAC0800 
........................•......................................................................... 
AN-693 


DAC0830 
........................................................................•........................ 
AN-284 


,------------------------------------------,0 


CD<c;' 
CD 
...•..» 
"t:J'2.~r- 
o' 
::sr- 
;:;: 
CDac 
~n..o 
(II 
~:0 
CD- 
CD 
~::sn 
CD 


DAC0831 
........•..•..•.............•..•.............•.............•..•.............•............ 
AN-271. 
AN-284 


DAC0832 
.....•..•..•...................•.............•.............•............................. 
AN-271. 
AN-284 


DAC1006 
....•...................•..•....... 
, ..•..•................................ 
AN-271, 
AN-275, 
AN-277, 
AN-284 


DAC1007 
............................................•............................. 
AN-271, 
AN-275, 
AN-277, 
AN-284 


DAC1008 
AN-271, 
AN-275, 
AN-277, 
AN-2B4 


DAC1020 
; ..•..•.............•..•.............•........ 
AN-263, 
AN-269, 
AN-2293, 
AN-294, 
AN-299 


DAC1021 
............•..•.............•..•..•............................................................. 
AN-269 


DAC1022 
............•.................................................................................... 
AN-269 


DAC120B 
.................•..............................•...........................•..•......... 
AN-271, 
AN-284 


DAC1209 
..............•.......•..•..•...................•..............................•......... 
AN-271, 
AN-284 


DAC1210 
..............•...................•.............•.............•.............•..•......... 
AN-271, 
AN-284 


DAC1218 
.........•..•..•................•..•..........•..•.............•..........•..•................... 
AN-293 


DAC1219 
.........•..•..•.............•..•..........•..•.............•.............•...................... 
AN-693 


DAC1220 
...........•................•.............•..•.............•.............•.......•....... 
AN-253, 
AN-269 


DAC1221 
......................................................•..•....................................... 
AN-269 


DAC1222 
...•.....•..•...............................................•................•................... 
AN-269 


DAC1230 
.........•..•...................•..•...........................•..........•..•................... 
AN-284 


DAC1231 
........•..•..•..•.............•..•.............•.............•.............•............ 
AN-271, 
AN-284 


DAC1232 
...........•..•................•.............•.............•.............•............... 
AN-271, 
AN-284 


DAC1280 
..............•..•.............•..•..........•..•.............•.............•............ 
AN-261, 
AN-263 


DH0034 .....•..•..•..•.............•..•..•..........•................•..........•.....•....•.............. 
AN-253 


DH0035 
........................•..•.............•.............•.............•................•............. 
AN-49 


INS8070 
................•................•.............•..•.............•..........•..•................... 
AN-260 


LF111 .....................•................•.............•.............•.............•..•.................. 
LB-39 


LF155 
....................•................•.............•.............•.............•............ 
AN-263. 
AN-447 


LF198 
.................•................•.............•....•.....•................................ 
AN-245, 
AN-294 


LF311 
...............•................•................................................................... 
AN-301 


LF347 
.................•.............•....... 
AN-256, 
AN-262, 
AN-263, 
AN-265, 
AN-266, 
AN-301, 
AN-344, 
AN-447, 
LB-44 


LF351 
AN-242, 
AN-263, 
AN-266, 
AN-271, 
AN-275, 
AN-293, 
AN-447, 
Appendix 
C 


LF351A 
......................•..•..•...................................................................... 
AN-240 


LF351 B .....•..•...................................................................................... 
Appendix 
D 


LF353 
.......•............ 
AN-256, 
AN-258, 
AN-262, 
AN-263, 
AN-266, 
AN-271, 
AN-285, 
AN-293, 
AN-447, 
LB-44, Appendix 
D 


LF356 ..........•..•....................................... 
AN-253, 
AN-258, 
AN-260, 
AN-263, 
AN-266, 
AN-271, 
AN-272, 


AN-275, 
AN-293, 
AN-294, 
AN-295, 
AN-301, 
AN·447, 
AN-693 


LF357 
_.....•..•.....•.............•............................................ 
AN-263, 
AN-447. 
LB-42 


LF398 ......................•................•..........•............ 
AN-247, 
AN-258, 
AN-266, 
AN-294, 
AN-298, 
LB-45 


LF411 .....................•..•.............•..........•..•........................ 
AN-294, 
AN-301, 
AN-344, 
AN-447 


LF412 
....................•.............•..•.............•................. 
AN-272, 
AN-299, 
AN-301 , AN-344, 
AN-447 


LF441 
AN-301, 
AN-447 


LF13006 
.........•..............................•..•..............................•....................... 
AN-344 


LF13007 
......•..•..•..•.................................................................................. 
AN-344 


LF13331 
..........................................•.............•..•.............................. 
AN-294, 
AN-447 


LH0002 
AN-13, AN-227, 
AN-263, 
AN-272, 
AN-301 


LH0024 
...........................•...........................•........................................... 
AN-253 


LH0032 
....................•..•.............•..........•.......•.................................. 
AN-242, 
AN-253 


LH0033 
.......................•..•...•..........•..•.............•..................•..•.... 
AN-48, AN-227, 
AN-253 


LH0063 
..................•................•..•..........•..•.............•................................ 
AN-227 


LH0070 
.............•.....•..•.............•..•.............•..•..........•................•.............. 
AN-301 


LH0071 
...................•..•.............•..•.............•..•..........•..•..........•..•..•........... 
AN-245 


LH0094 
................................................................•..•................•.............. 
AN-301 


LH0101 
.............................................................•..•..........•..•..•..•.............. 
AN-261 • 


LH1605 
......................•...................•..........•..•..........•............................... 
AN-343 


LH2424 
...........•................•...................................................................... 
AN-867 


LM10 
......•............................... 
AN-211, 
AN-247, 
AN-258, 
AN-271, 
AN-288, 
AN-299, 
AN-300, 
AN-460, 
AN-693 


LM11 .........••..........•..•............................................. 
AN-241, 
AN-242, 
AN-260, 
AN-266, 
AN-271 


LM12 
.....•..•..•.......•................................................................. 
AN-446, 
AN-693, 
AN-706 


LM101 
AN-4, AN-13, AN-20, 
AN-24, 
LB-42, Appendix 
A 


LM1 01 A 
AN-29, AN-30, AN-31, AN-79, 
AN·241 
AN-711 , LB-1, LB-2, LB-4, LB-8, LB-14, LB-16, LB-19, LB-28 


LM102 
AN-4,AN-13, 
AN-30, 
LB-1, LB-5, LB-6, LB-11 


LM103 
......•..................................................................................... 
AN-110, 
LB-41 


LM 105 ................................•.............•.............•........................... 
AN-23, AN-110, 
LB-3 


LM 106 
.........................•............................................................... 
AN-41 , LB-6, LB-12 


LM107 
.................•.............•................................. 
AN-20,AN-31, 
LB-1, LB-12, LB-19, Appendix 
A 


LM108 
AN-29, AN-30, 
AN-31, AN-79, 
AN-211, 
AN-241, 
LB-14, LB-15, LB-21 


LM 108A .....•.............•.............•..•................................................. 
AN-260, 
LB-15, LB-19 


LM109 
AN-42, 
LB-15 


LM109A 
..........................................................................•......................... 
LB-15 


LM 110 ..................•......................................•..................................... 
LB-11 , LB-42 


LM111 .......•..............................•.............•............... 
AN-41, AN-1 03, LB-12, LB-16, LB-32, LB-39 


LM 112 ................•................•................................................................... 
LB-19 


LM113 ....................................................•..........•.... 
AN-56, AN-110, 
LB-21 , LB-24, LB-28, LB-37 


LM117 
............................................•........................... 
AN-178, 
AN-181 , AN-182, 
LB-46, LB-47 


LM117HV 
....................•....................................................................... 
LB-46, LB-47 


LM118 
LB-17, LB-19, LB-21 , LB-23, Appendix 
A 


LM 119 
LB-23 


LM120 ............................•..........•..•..........•..•........................................... 
AN-182 


LM121 
.....•........•........................................................ 
AN·79,AN-104, 
AN-184, 
AN-260, 
LB-22 


LM121A 
.............................................•..•................................................... 
LB-32 


LM122 
..........•...............•.................................................................. 
AN-97, 
LB-38 


LM125 
.....................................•..•..........•..•.............................................. 
AN-82 


LM 126 .......................•..•........................•..........•...................................... 
AN-82 


LM129 
...............•........•..•..•....•..•..•.............•..•................. 
AN-173, 
AN-178, 
AN-262, 
AN-266 


LM131 
, ..•......................................•..........•.....•......... 
AN-210, 
AN-460, 
Appendix 
0 


LM131A 
...........•...............•...........................•...............•......................... 
AN-210 


LM 134 
........•..•............. 
" 
.•............. 
, ..•............................................... 
LB-41 , AN-460 


LM135 
...................................................•..•.......•..... 
AN-225, 
AN-262, 
AN-292, 
AN-298, 
AN·460 


LM137 
. . .. ..• 
. . .. . .. .. .. . .. . .. 
.. •..•.................................................................. 
LB-46 


LM137HV 
" 
LB-46 


LM 138 ..................................•..........•..•..........•........................•..•............. 
LB-46 


LM139 
...............................................•..•........................•......................... 
AN-74 


LM143 
........•...........................•.................................•.............•....... 
AN-127, 
AN-271 


LM148 ............•.................................................•....................•................. 
AN-260 


LM150 
.........................•.................................................•......................... 
LB-46 


LM158 .................•..•.............•................................................................. 
AN.116 


LM 160 ..................................................................•.................................. 
AN-87 


LM151 
..................................•............................................•............. 
AN-87,AN.266 


LM 163 ...........•..............................•.............•.............. 
' 
AN.295 


LM194 
.....................................•......................................•................ 
AN-222, 
LB-21 


LM195 
, 
AN-110 


LM 199 ....................................•...................•..........•. 
, 
AN-161 , AN-260 


LM199A 
AN-161 


LM211 
.................................•..•..........•..•..........•..•.................................... 
LB-39 


,------------------------------------------,0 


CD<n' 
CD- 
~~"2- 
n' 
Il)-o' 
:::sr- 
;:0: 
CD 
D;- 
c:.., 
CDo 
..,o 
III 
III::b 


CD- 
CD.., 
CD 
:::sn 
CD 


LM231 
AN-210 


LM231A 
" 
.....................•............................................................ 
AN-210 


LM235 .............................................•...................................................... 
AN-225 


LM239 
..........................................................................•.......................... 
AN-74 


LM258 ..............•..................................................................................... 
AN-116 


LM260 
AN-87 


LM261 
......................................................................................•.............. 
AN-87 


LM34 
AN-460 


LM35 ............•................................................................•....................... 
AN-460 


LM301 A ........•...................•...................................................... 
AN-178, 
AN-181, 
AN-222 


LM308 
AN-88, AN-184, 
AN-272, 
LB-22, LB-28, Appendix 
0 


LM308A 
AN-225, 
LB-24 


LM309 
AN-178, 
AN-182 


LM311 
AN-41 , AN-1 03, AN-260, 
AN-263, 
AN-288, 
AN-294, 
AN-295, 
AN-307, 
LB-12, LB-16, LB-18, LB-39 


LM313 
AN-263 


LM316 
, 
, 
AN-258 


LM317 
, 
AN-178, 
LB-35, LB-46 


LM317H 
, 
LB-47 


LM318 
, ..............................•..•............... 
AN-299, 
LB-21 


LM319 
, 
AN-828, 
AN-271 , AN-293 


LM320 . . . .. 
.. ......•.......................................................... 
, 
AN-288 


LM321 
, 
LB-24 


LM324 
...........................•.................. 
AN-88, AN-258, 
AN-274, 
AN-284, 
AN-301, 
LB-44, AB-25, Appendix 
C 


LM329 
AN-256, 
AN-263, 
AN-284, 
AN-295, 
AN-301 


LM329B 
..........................•....................................................................... 
AN-225 


LM330 
AN-301 


LM331 
AN-21 0, AN-240, 
AN-265, 
AN-278, 
AN-285, 
AN-311, 
LB-45, Appendix 
C, Appendix 
0 


LM331 A 
AN-21 0, Appendix 
C 


LM334 
, 
AN-242, 
AN-256, 
AN-284 


LM335 
.......................•..............................•............................. 
AN-225, 
AN-263, 
AN-295 


LM336 
AN-202, 
AN-247, 
AN-258 


LM337 
LB-46 


LM338 
, 
LB-49, LB-51 


LM339 
AN-74, AN-245, 
AN-274 


LM340 
AN-103, 
AN-182 


LM340L. 
AN-256 


LM342 
, 
AN-288 


LM346 
, .. , 
AN-202, 
LB-54 


LM348 
.............................•................•........................... 
, .............•..... 
AN-202, 
LB-42 


LM349 
, 
, 
LB-42 


LM358 
......................•.......................... 
AN-116, 
AN-247, 
AN-271, 
AN-274, 
AN-284, 
AN-298, 
Appendix 
C 


LM358A 
Appendix 
0 


LM359 
AN-278, 
AB-24 


LM360 
, 
, 
AN-87 


LM361 
AN-87, AN-294 


LM363 
, .............•......................................................................... 
AN-271 


LM380 
AN-69, AN-146 


LM385 
.............•..•.............•..•.............•..... 
AN-242, 
AN-256, 
AN-301, 
AN-344, 
AN-460, 
AN-693, 
AN-777 


LM386 
LB-54 


LM391 
AN-272 


LM392 
......•..•............................................... 
, .............•.................... 
AN-274, 
AN-286 


LM393 
.............................•.............................................. 
AN-271, 
AN-274, 
AN-293, 
AN-694 


LM394 
...............•...................•.................. 
AN-262, 
AN-263, 
AN-271, 
AN-293, 
AN-299, 
AN-311, 
LS-52 


LM395 
....................•......................... 
AN-178, 
AN-181, 
AN-262, 
AN-263, 
AN-266, 
AN-301, 
AN-460, 
LS-28 


LM399 
AN-184 


LM555 
AN-694, 
AS-7 


LM556 
...................•....................................•.............•..•..•......................... 
AS-7 


LM565 
AN-46, AN-146 


LM566 ...........................•................•.............•......................................... 
AN-146 


LM604 .............•.............•..•.............•................•................•..................... 
AN-460 


LM628 
AN-693, 
AN-706 


LM629 
.........................................................................•.......... 
AN-693, 
AN-694, 
AN-706 


LM709 
........................................•................•................•................... 
AN-24, AN-30 


LM710 
.....................•................•.............•......................................... 
AN-41, 
LS-12 


LM725 
..................•.................................................................................. 
LB-22 


LM741 
.........•.............•..•............................................•................ 
AN-79, 
LB-19, LB-22 


LM833 ...........................•........................................................................ 
AN-346 


LM 1036 ...............................................................•................................... 
AN-390 


LM1202 ......................................•.............•.............•...................•..•..•...... 
AN-867 


LM1203 .....................•..•................•.............•.............•................•..•..•...... 
AN-861 


LM 1204 ....•...................•.............•............................................................ 
AN-934 


LM 1458 
AN-116 


LM1524 
.............................•.................................•........... 
AN-272, 
AN-288, 
AN-292, 
AN-293 


LM1558 
...................................•................•.............•..•............................. 
AN-116 


LM1578A 
AB-30 


LM1823 
.......•.............................................................•............................. 
AN-391 


LM1830 
.............................•...................................................................... 
AB-l0 


LM 1865 
AN-390 


LM 1886 ....•....................................•.............•........................................... 
AN-402 


LM 1889 .............•.............•.............•..•..........•..•..........•..•.......................... 
AN-402 


LM1894 
AN-384, 
AN-386, 
AN-390 


LM2419 
...................................•.............•................................................. 
AN-861 


LM2577 
AN-776, 
AN-777 


LM2876 
.......•................•..•.............•.............•.............•................•............ 
AN-898 


LM2889 
......•.................................................................................... 
AN-391, 
AN-402 


LM2907 
......................................................................................•............ 
AN-162 


LM2917 
AN-162 


LM2931 
..................•...........................•..................................................... 
AB-12 


LM2931 CT ..........................................................................•...................... 
AB-ll 


LM3045 
......................................................................................•............ 
AN-286 


LM3046 
AN-146, 
AN-299 


LM3089 ...................................•............................................................... 
AN-14 7 


LM3524 
..................•..•.............•.............•..........•..•........... 
AN-272, 
AN-288, 
AN-292, 
AN-293 


LM3525A 
...............................................•.............•................................... 
AN-694 


LM3578A 
....................................................•............................................. 
AS-30 


LM3875 
AN-898 


LM3876 
...............•.............•..•................................•................................. 
AN-898 


LM3886 
.............•................•................•.................................................... 
AN-898 


LM3900 
.....................................................•......... 
AN-72, AN-263, 
AN-274, 
AN-278, 
LB-20, AB-24 


LM3909 .............................•..................................................................... 
AN-154 


LM3914 
AN-460, 
LS-48, AB-25 


LM3915 
..................................................•.............•.................................. 
AN-386 


LM3999 
......................•...............................................•................•..•..•..... 
AN-161 


LM4250 
AN-88, 
LB-34 


LM6181 
..........................................•................................................ 
AN-813,AN-840 


LM7800 ..............................................•.................................................... 
AN-178 


LM 12454 ..............................................•..•..........•.............•....... 
AN-906, 
AN-947, 
AN-949 


LM12458 
AN-906, 
AN-947, 
AN-949 


LM12H454 
AN-906, 
AN-947, 
AN-949 


LM 12H458 
AN-906, 
AN-947, 
AN-949 


LM12L458 
.................•............................................................... 
AN-906, 
AN-947, 
AN-949 


LM18293 
..................................................•.............................................. 
AN-706 


LM78L 12 
................................................................•.............•.................. 
AN-146 


LM78S40 
...................................................................•............................. 
AN-711 


LMC555 
..................................................•....................................... 
AN-460, 
AN-828 


LMC660 
...........................................................•...................................... 
AN-856 


LMC835 
....................•............................................................................. 
AN-435 


LMC6044 
...............................................•...........................•..................... 
AN-856 


LMC6062 
AN-856 


LMC6082 
...................•...........................•................................................. 
AN-856 


LMC6484 
AN-856 


LMD18200 
........................................................•............................... 
AN-694, 
AN-828 


LMF40 ..................................................•.............•.............•..•.................. 
AN-779 


LMF60 ..............................................................................•..................... 
AN-779 


LMF90 
AN-779 


LMF100 
....................•............................................................................. 
AN-779 


LMF380 
AN-779 


LMF390 
AN-779 


LP324 
...................•..•..•..........•............................................................... 
AN-284 


LP395 
..................................................•........................•........................ 
AN-460 


LPC660 
AN-856 


MF4 ..............................................•.............•......................................... 
AN-779 


MF5 
AN-779 


MF6 ........................•........................•..•..........•................•..................... 
AN-779 


MF8 
AN-779 


MF10 
..........................................................•.................................. 
AN-307, 
AN-779 


MM2716 
, 
LB-54 


MM54104 
...........•....................................................................... 
AN-252, 
AN-287, 
LB-54 


MM57110 
AN-382 


MM74COO ...................................................................•..•.............•............. 
AN-88 


MM74C02 
....................................•..•..........•............................................... 
AN-88 


MM74C04 
AN-88 


MM74C948 
...............................•................................................................ 
AN.193 


MM74HC86 
AN-861, 
AN-867 


M M7 4LS 138 
LB-54 


MM53200 
AN-290 


2N4339 
AN-32 


• 
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Appendix C 
Summary of Commercial Reliability Programs 


The 
P+ product 
enhancement 
program 
involves 
dynamic 
tests 
that 
screen 
out assembly 
related 
and silicon 
defects 
that can lead to infant 
mortality 
and/or 
reduce 
the surviva- 


bility of the device 
under 
high stress 
conditions. 
This 
pro- 
gram 
includes 
but 
is not 
limited 
to 
the 
following 
power 
devices: 


Package 
Types 


Device 
TO·3 
TO-39 
TO-220 
DIP 
SO 
TO·263 
KSTEEL 
(H) 
<n 
(N) 
(M) 
(S) 


LM12 
X 


LM109/309 
X 
X 


LM117/317 
X 
X 
X 
X 


LM117HV /317HV 
X 
X 


LM120/320 
X 
X 
X 


LM123/323 
X 


LM133/333 
X 
X 


LM137/337 
X 
X 
X 


LM137HV /337HV 
X 
X 


LM138/338 
X 
X 


LM140/340 
X 
X 


LM145/345 
X 


LM150/350 
X 
X 


LM195/395 
X 
X 
X 


LM2930/2935/2984 
X 
X 


LM2937 
X 
X 


LM2940/2941 
X 
X 


LM2990/2991 
X 
X 


LM2575/2575HV 
X 
X 
X 
X 


LM2576 
X 
X 


LM2577 
X 
X 
X 
X 


LMD18200/18201 
X 


t!JNational 
Semiconductor 


Appendix 0 
Military Aerospace Programs 
from National Semiconductor 


This appendix 
Is Intended 
to provide 
a brief 
overview 
of 
military 
products 
available 
from 
National 
Semiconduc- 
tor. The process 
flows 
and catagorles 
shown 
below 
are 


for 
general 
reference 
only. 
For further 
information 
and 
availability. 
please 
contact 
the 
Customer 
Response 
Center 
at 1-800-272-9959, 
Military/Aerospace 
Marketing 
group 
or your 
local 
sales 
office. 


National 
Semiconductor's 
Military/Aerospace 
Program 
is 


founded 
on dedication 
to excellence. 
National 
offers 
com· 
plete 
support 
across 
the 
broadest 
range 
of products 
with 


the 
widest 
selection 
of qualification 
levels 
and 
screening 


flows. 
These 
flows 
include: 


Process 
Flows 
Description 
(Integrated 
Circuits) 


JANS 
QML products 
processed 
to 
MIL-I-38535 
Level S or V for Space 


level applications. 


JANB 
QML products 
processed 
to 
MIL-I-38535 
Level B or Q for 
Military applications. 


SMD 
QML products 
processed 
to a 
Standard 
Microcircuit 
Drawing with 
Table I Electricals 
controlled 
by 


DESC. 


883 
QML products 
processed 
to 
MIL-STD-883 
Level B for Military 
applications. 


MLP 
Products 
processed 
on the 
Monitored 
Line (Program) 
developed 
by the Air Force for 


Space 
level applications. 


-MIL 
Similar to MIL-STD-883 
with 
exceptions 
noted on the Certificate 


of Conformance. 


MSP 
Military Screening 
Products 
for 
initial release 
of advanced 
products. 


MCP 
Commercial 
products 
processed 
in 


a military assembly. 
Electrical 
testing 
performed 
at 25°C, plus 


minimum 
and maximum 
operating 


temperature 
to commercial 
limits. 


MCR 
Commercial 
products 
processed 
in 


a military assembly. 
Electrical 
testing 
performed 
at 25°C to 
commercial 
limits 


MRP 
Military Ruggedized 
Plastic 
products 
processed 
to avionics 


requirements. 


MRR 
Commercial 
Ruggedized 
plastic 


product 
processed 
in a commercial 


assembly 
with electrical 
testing 
at 


25°C. 


MPC 
Commercial 
plastic 
products 


processed 
in a commercial 
assembly 
with electrical 
testing 
at 


25°C. 
• 


in facilities 
that 
have 
been 
certified 
by the government. 


To 
achieve 
QML 
status, 
manufacturers 
must 
submit 


their 
facilities, 
quality 
procedures 
and 
design 
philoso- 


phies to a thorough 
audit aimed 
at confirming 
their abili- 


ty to produce 
product 
to the 
highest 
design 
and quality 


standards. 
They 
must 
be 
listed 
on 
DESC's 
Qualified 


Manufacturer 
List (QML) 
before 
devices 
can be marked 


and shipped 
as QML product. 


Two 
processing 
levels 
are specified 
within 
MIL-I-38535, 
the 
QML 
standard: 
Class 
S 
(typically 
specified 
for 


space 
and strategic 
applications) 
and Class 
B (used 
for 


tactical 
missile, 
airborne, 
naval 
and 
ground 
systems). 


The 
requirements 
for 
both 
classes 
are 
defined 
within 


MIL-STD-883. 
National 
is one 
of the 
industry's 
leading 


suppliers 
of both classes. 


• 
Standard 
Microcircuit 
Drawings 
(SMD). 
SMDs 
are is- 
sued 
to 
provide 
standardized 
versions 
of 
devices 
of- 


fered 
under 
QML. 
MIL-STD-883 
screening 
is coupled 


with 
tightly 
controlled 
electrical 
test 
specifications 
that 


allow 
a 
manufacturer 
to 
use 
his 
standard 
electrical 


tests. 
Table 
I explains 
the marking 
of JAN devices, 
and 


Table 
II outlines 
current 
marking 
requirements 
for QML/ 
SMD 
devices. 
Copies 
of MIL-I-38535 
and the QML 
can 


be 
obtained 
from 
the 
Naval 
Publications 
and 
Forms 


Center 
(5801 
Tabor 
Avenue, 
Philadelphia, 
PA 
19120, 
212/697-2179. 
A current 
listing 
of 
National's 
SMD 
of- 


ferings 
can 
be 
obtained 
from 
our 
authorized 
distribu- 


tors, 
our sales 
offices, 
our Customer 
Response 
Center 


(Arlington, 
Texas, 
817/468-6300), 
or from 
DESC. 


• 
MIL·STD-883. 
Originally 
intended 
to 
establish 
uniform 


test 
methods 
and 
procedures, 
MIL-STD-883 
has 
also 


become 
the 
general 
specification 
for 
non-SMD 
military 


product. 
MIL-STD-883 
defines 
the 
minimum 
require- 


ments 
for 
a 
device 
to 
be 
marked 
and 
advertised 
as 


883-compliant. 
Design 
and 
construction 
criteria, 
docu- 


mentation 
controls, 
electrical 
and mechanical 
screening 


requirements, 
and 
quality 
control 
procedures 
are 
out- 


lined in paragraph 
1.1.2 of MIL-STD-883. 


~~~-te-~t~-d:'AI~~:th~~1~~t;i~~1 
-te-~tpar~~~t~r~,--t~st 
-~on- 


ditions, 
test limits and test temperatures 
must be clearly 


documented. 
At National 
Semiconductor, 
this information 


is available 
via 
our Table 
I (formerly 
RETS, 
Reliability 


Electrical 
Test Specification 
Program). 
The Table 
I docu- 


ment is a complete 
description 
of the electrical 
tests 
per- 


formed 
and is controlled 
by our QA department. 
Individual 


copies 
are available 
upon request. 


Some of National's 
products 
are produced 
on a flow simi- 


lar to MIL-STD-883. 
These 
devices 
are screened 
to the 


same 
stringent 
requirements 
as 
883 
product, 
but 
are 


marked 
as ·MIL; 
specific 
reasons 
for prevention 
of com- 


pliancy 
are clearly 
defined 
in the Certificate 
of Conform- 


ance (C of C) shipped 
with the product. 


• 
Monitored 
Line 
Program 
(MLP): 
is a non JAN 
Level 
S 
program 
developed 
by 
the 
Air 
Force. 
Monitored 
Line 


product 
usually 
provides 
the shortest 
cycle 
time, 
and 
is 
acceptable 
for 
application 
in several 
space 
level 
pro- 


grams. 
Lockheed 
Missiles 
and Space 
Company 
in Sun- 


nyvale, 
California, 
under 
an Air Force 
contract, 
provides 
"on-site" 
monitoring 
of product 
processing, 
and 
as ap- 
propriate, 
program 
management. 
Monitored 
Line orders 


generally 
do 
not 
allow 
"customizing", 
and 
most 
flows 


do not include 
quality 
conformance 
inspection. 
Drawing 


control 
is maintained 
by the Lockheed 
Company. 


• 
Military 
Screening 
Program 
(MSP): 
National's 
Military 


Screening 
Program 
was 
developed 
to 
make 
screened 
versions 
of advanced 
products 
such 
as gate arrays 
and 
microprocessors 
available 
more 
quickly. 
Through 
this 


program, 
screened 
product 
is made 
available 
for proto- 


types 
and breadboards 
prior to or during 
the QML activ- 
ities. 
MSP products 
receive 
the 
100% 
screening 
of Ta- 


ble III, but are not subjected 
to Group 
C and 
D quality 


conformance 
testing. 
Other 
criteria 
such 
as 
electrical 
testing 
and temperature 
range 
will vary depending 
upon 
individual 
device 
status 
and capability. 


TABLE 
I. JAN S or B Part Marking 


JM38510/XXXXXHY 


[ 


Leed Finish 
A = 50lder 
Oipped 
8=Tin 
Plate 


e = Gold Plate 
X = Any 
lead 
finish 
above 


is acceptable 


Device 
Package 


(see Table 
II) 


Screening 
level 
S or 8 


Device 
Number 
on 


Slosh 
Sheet 


Slosh 
Sheet Number 


For 
radiation 
hard 
devices 


this 
slash 
is replaced 
by the 


Radiation 
Hardness 
Assurance 
Designator 
(~. 
0, R, or 
H of 
MIL-I-38535) 


MIL-M-3851 
0 


JAN 


Package 
Microcircuit 
Industry 
Description 


Designation 


A 
14-pin '14 x '14" (Metal) 
Flatpak 


B 
14-pin 3/,. 
x %" (Metal) 
Flatpak 


C 
14-pin'l4" 
x 3/4" Dual-in-Line 


D 
14-pin'l4" 
x %" (Ceramic) 
Fiatpak 


E 
16-pin'l4" 
x'ls" 
Dual-In-Line 


F 
16-pin %" x %" (Metal or Ceramic) 
Flatpak 


G 
a-pin TO-99 Can or Header 


H 
10-pin %" x %" (Metal) 
Flatpak 
I 
1O-pin TO-l 00 Can or Header 
J 
24-pin'li' 
xl %" Dual-In-Line 
K 
24-pin %" x "Ie" Flatpak 
l 
24-pin %" xl '14" Dual-In-Line 


M 
12-pin TO-l 01 Can or Header 


N 
(Note 1) 
p 
a-pin %" x %" Dual-In-Line 


Q 
40-pin 3;'''' x 2y.,. 
Dual-In-Line 


R 
20-pin %" x 1'I,.Dual-In-Line 
S 
20-pin %" x '12 
Flatpak 


T 
(Note 1) 
U 
(Note 1) 
V 
la-pin %" x '5;'. Dual-In-Line 
W 
22-pin %" x 1'I. Dual-in-Line 


X 
(Note 1) 
y 
(Note 1) 
Z 
(Note 1) 


2 
20-terminal 
0.350" 
x 0.350" 
Chip Carrier 


3 
2a-terminaI0.450" 
x 0.450" 
Chip Carrier 


Not8 
1: These 
letters are assigned 
to packages 
by individual detail specifi· 


cations 
and may be assigned 
to different 
packages 
in drtferent 
specifica- 


tions. 


TABLE 
II. Standard 
Military 
Drawing 
TABLE 
II-A. SMD Package 
Codes 


(SMD) Marking 
SMD 
~ 
Package 
Microcircuit 
Industry 
Description 
5962-9319502MXA 
Designation 
"'t..,n.;•• 
C 
14-pin Flatpak 


(Solder) 
0 
14-pinC 
DIP 
. 
Package 
Codes 
E 
16-pinCDIP 


(see Table 
IIA) 
F 
16-pin Flatpak 


Class Designator 
G 
8-pin TO-99 Can 
M ; 
Mll-STD-883 
B or 
Q ; 
Cia•• 
B 
H 
10-pin (Metal) 
Flatpak 


S or V ; 
Cia•• 
C 
I 
10-pin TO-100 
Can 


- 
Device Number 
X 
(Note 2) 


Drawing 
Number 
- 
y 
(Note 2) 


Year of Issue 
P 
8-pinC 
DIP 


The" 
/" 
and 
"-" 
can 
2 
20-pin LCC 


- 
. 
R 
20-PinDIP 
be replaced 
by RHA 


designations 
Note 2: These leUers are assigned to packages 
by individual detail specifi- 


D ; 
10 krad 
cations 
and may be assigned 
to different 
packages 
in different 
specifics- 


R; 
100 
krad 
lions. 


Federal 
Stock 
Class 


Tl/XX/OO30-2 


TABLE 
III. 100% Screening 
Requirements 


Screen 
CiassS 
ClassB 


Method 
Reqmt 
Method 
Reqmt 


1. 
Wafer 
Lot Acceptance 
5007 
All Lots 


2. 
Nondestructive 
Bond Pull (Note 14) 
2023 
100% 


3. 
Internal 
Visual (Note 1) 
2020, Condition 
A 
100% 
2010, Condition 
B 
100% 


4. 
Stabilization 
Bake (Note 16) 
1008, Condition 
C, Min 
100% 
1008, Condition 
C, Min 
100% 


24 Hrs. Min 
24 Hrs. Min 


5. 
Temperature 
Cycling 
(Note 2) 
1010, Condition 
C 
100% 
1010, Condition 
C 
100% 


6. 
Constant 
Acceleration 
2001, Condition 
E Min 
100% 
2001, Condition 
E Min 
100% 


y 1 Orientation 
Only 
Y1 Orientation 
Only 


7. 
Visual Inspection 
(Note 3) 
100% 
100% 


8. 
Particle 
Impact Noise Detection 
(PIND) 
2010, Condition 
A (Note 4) 
100% 


9. 
Serialization 
(NoteS) 
100% 


10. 
Interim (Pre-Bum-In) 
Electrical 
Parameters 
Per Applicable 
Device 
100% 
Per Applicable 
Device 


Specification 
(Note 13) 
Specification 
(Note 6) 


11. 
Burn-In Test 
1015 
100% 
1015 
100% 


240 Hrs. 
@ 125°C Min 
160 Hrs. 
@ 125°C Min 


(Cond. F Not Allowed) 


12. 
Interim 
(Post Burn-In) 
Per Applicable 
Device 
100% 


Electrical 
Parameters 
Specification 
(Note 3) 


ClassS 
ClassB 
Screen 
Method 
Reqmt 
Method 
Reqmt 


13. 
Reverse 
Bias Burn-In (Note 7) 
1015; Test Condition 
A, C, 
100% 


72 Hrs. @ 150·C Min 


(Cond. F Not Allowed) 


14. 
Interim (Post-Bum-In) 
Electrical 
Per Applicable 
Device 
100% 
Per Applicable 
Device 
100% 


Parameters 
Specification 
(Note 13) 
Specification 


15. 
PDA Calculation 
5% Parametric 
(Note 14), 
All Lots 
5% Parametric 
(Note 14) 
All Lots 


3% Functional 


16. 
Final Electrical 
Test (Note 15) 
Per Applicable 
Device 
Per Applicable 
Device 


a) Static Tests 
Specification 
Specification 


1) 25·C (Subgroup 
1, Table I, 5005) 
100% 
100% 


2) Max & Min Rated Operating 
Temp. 
100% 
I 
100% 


(Subgroups 
2, 3, Table 
I, SOOS) 


b) Dynamic 
Tests or Functional 
Tests 


1) 2S·C (SUbgroup 
4 or 7) 
100% 
100% 


2) Max and Min Rated Operating 
Temp. 
100% 
100% 


(SUbgroups 
Sand 
6 Dr 8, Table I, 


SOOS) 


c) Switching 
Tests 2S·C 
100% 
100% 


(SUbgroup 
9, Table I, SOOS) 


17. 
Seal Fine, Gross 
1014 
100% 
1014 
100% 


(Note 8) 
(Note 9) 


18. 
Radiographic 
(Note 10) 
2012 Two Views 
100% 
I 


19. 
Qualification 
or Quality Conformance 
(Note 11) 
Samp. 
(Note 11) 
Samp. 


Inspection 
Test Sample 
Selection 


20. 
External 
Visual (Note 12) 
2009 
100% 
100% 


Note 
1: Unless otherwise 
specified, at the manufacturer's 
option, test samples for Group B, bond strength 
(Method 5005) may be randomly selected 
prior to or 
following 
internal visual (Method 5004), prior to sealing provided all other specification 
requirements 
are satisfied (e.g., bond strength requirements 
shall apply to 
each inspection 
lot, bond failures shall be counted even 
if the bond would have failed internal visual). 


Note 2: For Class B devices, this test may be replaced with thermal shock Method 1011, Test Condition A. minimum. 


Note 3: At the manufacturer's 
option, visual inspection 
for catastrophic 
failures 
may be conducted 
after each of the thermal/mechanical 
screens, 
after the 


sequence 
or after seal test. Catastrophic 
failures are defined as missing leads, broken packages, or lids off. 


Note 4: The PJND test may be performed 
in any sequence after step 6 and prior to step 16. See MIL-I-38585 
paragraph 40.6.3. 


Note 5: Class S devices shall be serialized prior to interim electrical 
parameter 
measurements. 


Note 6: When specified, all devices shall be tested for those parameters 
requiring delta calculations. 


Note 7: Reverse bias bum-in is a requirement 
only when specified in the applicable device specification. 
The order of performing 
bum-in and reverse bias bum-in 
may be inverted. 


Note 8: For Class S devices, the seal test may be performed in any sequence between step 16 and step 19, but it shall be performed after all shearing and forming 
operations 
on the terminals. 


Note 9: For Class B devices, the fine and gross seal tests shall be performed separately or together in any sequence and order between step 6 and step 20 except 
that they shall be performed 
after all shearing and forming operations 
on the terminals. When 100% seal screen cannot be performed 
after shearing and forming 


(e.g., flatpaks and chip carriers) the seal screen shall be done 100% prior to these operations 
and a sample test (LTPD = 5) shall be performed on each inspection 


Jot following 
these operations. 
11the sample fails, 100% rescreening 
shall be required. 


Note 10: The radiographic 
screen may be performed 
in any sequence after step 9. 


Note 11: Samples shall be selected for testing in accordance 
with the specific device class and lot requirements 
of Method 5005. 


Note 12: External Visual shall be performed 
on the lot any time after step 19 and prior to shipment. 


Note 13: Read and record is required at steps 10 and 12 only for those parameters for which post·burn·in 
delta measurements 
are specified. All parameters 
shall 


be read and recorded 
at step 14. 


Note 14: The PDA shall apply to all subgroup 
1 parameters 
at 25°C and aU delta parameters. 


Note 15: Only one view is required for flat packages 
and leadless chip carriers with leads on all four sides. 


Note 16: May be performed 
at any time prior to step 10. 


• 


uevlce 
:styles 


(Note 
1) 


HIGH PERFORMANCE 
AMPLIFIERS 
AND BUFFERS 


Flows 


(Note 
2) 


lF147 
D,J 
Wide BW Quad JFET Op Amp 
SMD/JAN 
/11906 


lF155A 
H 
JFET Input Op Amp 
883 
- 


lF156 
H 
JFET Input Op Amp 
883 
- 


lF156A 
H 
JFET Input Op Amp 
883 
- 


lF157 
H 
JFET Input Op Amp 
883 
- 


lF157A 
H 
JFET Input Op Amp 
883 
- 


lF411M 
H 
low 
Offset, 
low 
Drift JFET Input 
883/JAN 
/11904 


lF412M 
H, J 
low 
Offset, 
low 
Drift JFET Input-Dual 
883/JAN 
/11905 


lF441M 
H 
low 
Power JFET Input 
883 
- 


lF442M 
H 
low 
Power JFET Input-Dual 
883 
- 


lF444M 
D 
low 
Power JFET Input-Quad 
883 
- 


lHOO02 
H 
Buffer Amp 
"-Mil" 
- 


lH0021 
K 
1.0 Amp Power Op Amp 
"-Mil" 
- 


lH0024 
H 
High Slew Rate Op Amp 
"-Mil" 
- 


lH0032 
G 
Ultra Fast FET-Input 
Op Amp 
"-Mil" 
- 
lH0041 
G 
0.2 Amp Power Op Amp 
"-Mil" 
- 


lH0101 
K 
PowerOpAmp 
"-Mil" 
- 


lM10 
H 
Super-Block™ 
Micropower 
Op Amp/Ref 
883/SMD 
5962-87604 


lM101A 
J,H,W 
General 
Purpose Op Amp 
883/JAN 
/10103 


lM108A 
J,H,W 
Precision 
Op Amp 
883/JAN 
/10104 


lM118 
J, H 
FastOpAmp 
883/JAN 
/10107 


lM124 
J,E,W 
low 
Power Quad Op Amp 
883/JAN 
/11005 


lM124A 
J,E,W 
low 
Power Quad 
883/JAN 
/11006 


lM146 
J 
Quad Programmable 
Op Amp 
883 
- 


lM148 
J, E 
Quad 741 Op amp 
883/JAN 
/11001 


lM158A 
J, H 
low 
Power Dual Op Amp 
883/SMD 
5962-8771002 


lM158 
J, H 
low 
Power Dual Op Amp 
883/SMD 
5962-8771001 


lM611AM 
J 
Super-Block 
Op Amp/Reference 
883/SMD 
- 


lM613AM 
J, E 
Super-Block 
Dual Op Amp/Dual 
Comp/Ref 
883/SMD 
- 
lM614AM 
J 
Super-Block 
Quad Op Amp/Ref 
883/SMD 
- 


lM709A 
H,J,W 
General 
Purpose Op Amp 
883/SMD 
7800701 


lM741 
J,H,W 
General 
Purpose Op Amp 
883/JAN 
/10101 


lM747 
J, H 
General 
Purpose 
Dual Op Amp 
883/JAN 
/10102 


lM6118 
J, E 
VIP Dual Op Amp 
883/SMD 
5962-91565 


lM6121 
H, J 
VIP Buffer 
883/SMD 
5962-90812 


lM6125 
H 
VI P Buffer with Error Flag 
883/SMD 
5962-90815 


lM6161 
J,E,W 
VIP Op Amp (Unity Gain) 
883/SMD 
5962-89621 


lM6162 
J,E,W 
VIP Op Amp (Ay > 2, - 
1) 


c 
883/SMD 
5962-92165 


lM6164 
J,E,W 
VIP Op Amp (Ay > 5) 
883/SMD 
5962-89624 


lM6165 
J,E,W 
VIP Op Amp (Ay > 25) 
883/SMD 
5962-89625 


lM6181AM 
J 
VIP Current 
Feedback 
Op Amp 
883/SMD 
5962-9081802 


lM6182AM 
J 
VIP Current 
Feedback 
Dual Op Amp 
883/SMD 
5962-9460301 


lMC660AM 
J 
low 
Power CMOS Quad Op Amp 
883/SMD 
5962-9209301 
lMC662AM 
J 
low 
Power CMOS Dual Op Amp 
883/SMD 
5962-9209401 


lPC660AM 
J 
Micropower 
CMOS Quad Op Amp 
883/SMD 
5962-9209302 


lPC662AM 
J 
Micropower 
CMOS Dual Op Amp 
883/SMD 
5962-9209402 


lMC6482AM 
J 
Rail to Rail CMOS Dual Op Amp 
883/SMD 
5962-9453401 


lMC6484AM 
J 
Rail to Rail CMOS Quad Op Amp 
883/SMD 
5962-9453402 


OP07 
H 
Precision 
Op Amp 
883 
- 


Military 
Analog 
Products 
Available 
from 
National 
Semiconductor 
(Continued) 


Package 
Process 
SMD/JAN 
Device 
Styles 
Description 
Flows 
(Note 
3) 
(Note 
1) 
(Note 
2) 


COMPARATORS 
. 


LF111 
H 
Voltage 
Comparator 
"-MIL" 
- 
LH2111 
J,W 
Dual Voltage 
Comparator 
883/JAN 
/10305 


LM106 
H.W 
Voltage 
Comparator 
883/SMD 
8003701 


LM111 
J,H,E,W 
Voltage 
Comparator 
883/JAN 
/10304 


LM119 
J,H,E,W 
High Speed Dual Comparator 
883/JAN 
/10306 


LM139 
J,E,W 
Quad Comparator 
883/JAN 
/11201 


LM139A 
J,E,W 
Precision 
Quad Comparator 
883/SMD 
5962-87739 
LM160 
J, H 
High Speed 
Differential 
Comparator 
883/SMD 
8767401 


LM161 
J,H,W 
High Speed 
Differential 
Comparator 
883/SMD 
5962-87572 


LM193 
J, H 
Dual Comparator 
883 
- 


LM193A 
J, H 
Dual Comparator 
883/JAN 
/11202 


LM612AM 
J 
Dual-Channel 
Comparator/Reference 
883/SMD 
5962-93002 
LM613AM 
J, E 
Super-Block 
Dual Comparator/ 
883/SMD 
5962-93003 


Dual Op Amp/ Adj Reference 


LM615AM 
J 
Quad Comparator/Adjustable 
Reference 
883 
- 


LM710A* 
J,H,W 
Voltage 
Comparator 
883/JAN 
/10301 
LM711A* 
J,H,W 
Dual LM710 
883/JAN 
/10302 


LM760 
J, H 
High Speed 
Differential 
Comparator 
883/SMD 
5962-87545 


·Formerly 
manufactured 
by Fairchild Semiconductor 
as part numbers ,.,.A710 and p.A711. 


LINEAR 
REGULATORS 


Positive 
Voltage 
Regulators 


LM105 
H 
Adjustable 
Voltage 
Regulator 
883/SMD 
5962-89588 
LM109 
H 
5V RegUlator, 
10 = 20 mA 
883/JAN 
/10701BXA 
LM109 
K 
5V Regulator,lo 
= 1A 
883/JAN 
/10701BYA 


LM117 
H,E,K 
Adjustable 
RegUlator 
883/JAN 
/11703,/11704 
LM117HV 
H 
Adjustable 
Regulator, 
10 = 0.5A 
883/SMD 
7703402XA 
LM117HV 
K 
Adjustable 
RegUlator, 
10 = 1.5A 
883/SMD 
7703402YA 
LM123 
K 
3A Voltage 
RegUlator 
883 
- 


LM138 
K 
5A Adjustable 
Regulator 
"-MIL" 
- 


LM140-5.0 
H 
0.5A Fixed 5V Regulator 
883/JAN 
/10702 


LM140-6.0 
H 
0.5A Fixed 6V Regulator 
883 
- 


LM140-8.0 
H 
0.5A Fixed 8V Regulator 
883 
- 
LM140-12 
H 
0.5A Fixed 12V Regulator 
883/JAN 
/10703 


LM140-15 
H 
0.5A Fixed 15V Regulator 
883/JAN 
/10704 
LM140-24 
H 
0.5A Fixed 24V Regulator 
883 
- 


LM140A-5.0 
K 
1.0A Fixed 5V Regulator 
883 
- 


LM140A-12 
K 
1.0A Fixed 12V Regulator 
883 
- 


LM140A-15 
K 
1.0A Fixed 15V Regulator 
883 
- 


LM140K-5.0 
K 
1.0A Fixed 5V Regulator 
883/JAN 
/10706 


LM140K-12 
K 
1.0A Fixed 12V Regulator 
883/JAN 
/10707 
LM140K-15 
K 
1.0A Fixed 15V Regulator 
883/JAN 
/10708 
LM140LAH-5.0 
H 
100 mA Fixed 5V Regulator 
883 
- 


LM140LAH-12 
H 
100 mA Fixed 12V Regulator 
883 
- 


LM140LAH-15 
H 
100 mA Fixed 15V RegUlator 
883 
- 
LM150 
K 
3A Adjustable 
Power Regulator 
883 
- 


LM2940-5.0 
K 
5V Low Dropout 
Regulator 
883/SMD 
5962-89587 
LM2940-8.0 
K 
8V Low Dropout 
Regulator 
883/SMD 
5962-90883 
LM2940-12 
K 
12V Low Dropout 
Regulator 
883/SMD 
5962-90884 
LM2940-15 
K 
15V Low Dropout 
Regulator 
883/SMD 
5962-90885 
LM2941 
K 
Adjustable 
Low Dropout 
Regulator 
883/SMD 
TBD 


LM431 
H,K 
Adjustable 
Shunt RegUlator 
883 
- 


LM723 
H, J, E 
Precision 
Adjustable 
RegUlator 
883/JAN 
/10201 


LP2951 
H, E,J 
Adjustable 
Micropower 
LDO 
883/SMD 
5962-38705 
LP2953AM 
J 
250 mA Adj. Micropower 
LDO 
883/SMD 
5962-9233601 


..0 
MIlitary 
Analog 
Products 
Available 
from 
National 
Semiconductor 
(Continued) 
- 
U 
:::I 
't:J 
Package 
Process 
C 
SMD/JAN 
0 
Device 
Styles 
Description 
Flows 
(Note 
3) 
u 
(Note 
1) 
(Note 
2) 
"E 
G) 
LINEAR 
REGULATORS 
(Continued) 
(/) 
"ii 
Negative 
Voltage 
Regulators 
c 
883/JAN 
111501 
0 
LM120-5.0 
H 
Fixed 0.5A Regulator, 
VOUT = -5V 
:;:: 
LM120-8.0 
H 
Fixed 0.5A Regulator, 
VOUT = -8V 
883 
CO 
Z 
LM120-12 
H 
Fixed 0.5A Regulator, 
VOUT = -12V 
883/JAN 
/11502 
E 
LM120-15 
H 
Fixed 0.5A Regulator, 
VOUT = - 15V 
883/JAN 
/11503 
0.. 
LM120-5.0 
K 
Fixed 1.0A Regulator, 
VOUT = -5V 
883/JAN 
/11505 
- 
en 
LM120-12 
K 
Fixed 1.0A Regulator, 
VOUT = -12V 
883/JAN 
/11506 
E 
LM120-15 
K 
Fixed 1.0A Regulator, 
VOUT = -15V 
883/JAN 
/11507 
CO.. 


LM137A 
H 
Precision 
Adjustable 
Regulator 
883/SMD 
7703406XA 
01 
0 
LM137A 
K 
Precision 
Adjustable 
Regulator 
883/SMD 
7703406YA 
.. 
Q. 


LM137 
H,K 
Adjustable 
Regulator 
883/JAN 
/11803, 
/11804 
G)U 
LM137HV 
H 
Adjustable 
(High Voltage) 
Regulator 
883/SMD 
7703404XA 
CO 
LM137HV 
K 
Adjustable 
(High Voltage) 
Regulator 
883/SMD 
7703404YA 
Q. 
en 
LM145-5.0 
K 
Negative 
3 Amp Regulator 
883/SMD 
5962-90645 
0.. 


LM145-5.2 
K 
Negative 
3 Amp Regulator 
883 
G) 
c( 
>- 
SWITCHING 
REGULATORS 
.. 
CO 
LM1575-5 
J, K 
Simple Switcher™ 
Step-Down, 
VOUT = 5V 
883/SMD 
5962-9167201 
~:i 
LM1575-12 
J, K 
Simple Switcher 
Step-Down, 
VOUT = 12V 
883/SMD 
5962-9167301 
J 


LM1575-15 
J, K 
Simple Switcher 
Step-Down, 
VOUT = 15V 
883/SMD 
5962-9167401 


LM1575-ADJ 
J, K 
Simple Switcher 
Step-Down, 
Adj VOUT 
883/SMD 
5962-9167101 
>< 
LM1575HV-5 
K 
Simple Switcher 
Step-Down, 
VOUT = 5V 
883 
:c 
LM1575HV-12 
K 
Simple Switcher 
Step-Down, 
VOUT = 12V 
883 
C 
G) 
LM1575HV-15 
K 
Simple Switcher 
Step-Down, 
VOUT = 15V 
883 
Q. 
Q. 
LM1575HV-ADJ 
K 
Simple Switcher 
Step-Down, 
Adj VOUT 
883 
c( 
LM1577-12 
K 
SimpleSwitcherStep-Up, 
VOUT = 12V 
883/SMD 
5962-9216701 
LM1577-15 
K 
SimpleSwitcherStep-Up, 
VOUT = 15V 
883/SMD 
5962-9216801 
LM1577-ADJ 
K 
Simple Switcher 
Step-Up, 
Adj VOUT 
883/SMD 
5962-9216601 


LM1578 
H 
750 mA Switching 
Regulator 
883/SMD 
5962-89586 


LM78S40· 
J 
Universal 
Switching 
Regulator 
Subsystem 
883/SMD 
5962-88761 


·Formerly 
manufactured 
by Fairchild Semiconductor 
as the J.LA78S40DMQB. 


VOLTAGE 
REFERENCES 


LM103-3.0 
H 
Reference 
Diode, BV = 3.0V 
883/SMD 
7702806 


LM103-3.3 
H 
Reference 
Diode, BV = 3.3V 
883/SMD 
7702807 


LM103-3.6 
H 
Reference 
Diode, BV = 3.6V 
883/SMD 
7702808 


LM103-3.9 
H 
Reference 
Diode, BV = 3.9V 
883/SMD 
7702809 


LMl13 
H 
Reference 
Diode with 5% Tolerance 
883/SMD 
5962-8671101 
LMl13-1 
H 
Reference 
Diode with 1% Tolerance 
883/SMD 
5962-8671102 
LM113-2 
H 
Reference 
Diode with 2% Tolerance 
883/SMD 
5962-8671103 


LM129A 
H 
Precision 
Reference, 
10 ppm/"C 
Drift 
883/SMD 
5962-8992101 
XA 
LM129B 
H 
Precision 
Reference, 
20 ppm/"C 
Drift 
883/SMD 
5962-8992102XA 
LM136A-2.5 
H 
2.5V Reference 
Diode, 1% VOUT Tolerance 
883 
LM136A-5.0 
H 
5V Reference 
Diode, 1% VOUT Tolerance 
883/SMD 
8418001 


LM136-2.5 
H 
2.5V Reference 
Diode, 2% VOUT Tolerance 
883 
LM136-5.0 
H 
5V Reference 
Diode, 2% VOUT Tolerance 
883 


Military 
Analog 
Products 
Available 
from National 
Semiconductor 
(Continued) 


Package 
Process 
SMD/JAN 
Device 
Styles 
Description 
'. 
Flows 
(Note 
3) 
(Note 
1) 
(Note 2) 


VOLTAGE 
REFERENCES 
(Continued) 
" 


LM169 
H 
10V Precision 
Reference, 
Low Tempco 
0.05% 
Tolerance 
883 
- 


LM185B 
H,E 
Adjustable 
Micropower 
Voltage 
Reference 
883/SMD 
5962-9041401 


LM185BX2.5 
H 
2.5V Micropower 
Reference 
Diode, Ultralow 
Drift 
883/SMD 
5962-8759404 


LM185BY 
H 
Adjustable 
Micropower 
Voltage 
Reference 
883 
- 


LM185BY1.2 
H 
1.2V Micropower 
Reference 
Diode, Low Drift 
883/SMD 
5962-8759405 


LM185BY2.5 
H 
2.5V Micropower 
Reference 
Diode, Low Drift 
883/SMD 
5962-8759406 


LM185-1.2 
H,E 
1.2V Micropower 
Reference 
Diode, Low Drift 
883/SMD 
5962-8759401 


LM185-2.5 
H,E 
2.5V Micropower 
Reference 
Diode, Low Drift 
883/SMD 
5962-8759402 


LM199 
H 
Precision 
Reference, 
Low Tempco 
883/SMD 
5962-8856102 


LM199A 
H 
Precision 
Reference, 
Ultralow 
Tempco 
883/SMD 
5962-8856101 


LM199A-20 
H 
Precision 
Reference, 
UltralowTempco 
883 
- 


LM611AM 
J 
Super-Block 
Op Amp/Reference 
883 
- 


LM612AM 
J 
Super-Block 
Dual-Channel 
Comparator/Reference 
883/SMD 
5962-9300201 


LM613AM 
J, E 
Super-Block 
Dual Op Amp/DualComp/Dual 
Ref 
883/SMD 
5962-9300301 


LM614AM 
J 
Super-Block 
Quad Op Amp/Reference 
883/SMD 
5962-9300401 


LM615AM 
J 
Super-Block 
Quad Comparator/Reference 
883/SMD 
TBD 


LH0070-0 
H 
Precision 
BCD Buffered 
Reference 
"-MIL" 
- 


LH0070-1 
H 
Precision 
BCD Buffered 
Reference 
"-MIL" 
- 


LH0070-2 
H 
Precision 
BCD Buffered 
Reference 
"-MIL" 
- 


DATA ACQUiSiTiON 


ADC08020L 
J 
8-Bit !'-P-Compatible 
883/SMD 
5962-90966 


ADC0851 
J 
8-Bit Analog 
Data Acquisition 
883/SMD 
TBD 


& Monitoring 
System 


ADC0858 
J 
8-Bit Analog 
Data Acquisition 
883/SMD 
TBD 


& Monitoring 
System 


ADC08061CM 
J 
8·Bit MUltistep ADC 
883/SMD 
TBD 


ADC10061CM 
J 
10-Bit Multistep 
ADC 
883/SMD 
TBD 


ADC10062CM 
J 
1O-Bit Multistep 
ADC wi Dual 
883/SMD 
TBD 
Input Mutiplexer 


ADC10064CM 
J 
1O-Bit Multistep 
ADC wi Quad 
883/SMD 
TBD 
Input Multiplexer 


ADC1241CM 
J 
12-Bit Plus Sign Self-Calibrating 
883/SMD 
5962-9157801 


with Sample/Hold 
Function 


ADC12441CM 
J 
Dynamically-Tested 
ADC1241 
883/SMD 
5962-9157802 
ADC1251CM 
J 
12-Bit Plus Sign Self-Calibrating 
883/SMD 
5962-9157801 


with Sample/Hold 
Function 


ADC12451CM 
J 
Dynamically-Tested 
ADC1251 
883/SMD 
TBD 


DAC0854CM 
J 
Quad 8-Bit 0/ A Converter 
883/SMD 
TBD 
with Read Back 


DAC1054CM 
J 
Quad 1O-Bit 0/ A Converter 
883/SMD 
TBD 
with Read Back 


LM12458M 
EL,W 
12-Bit Data Acquisition 
System 
883/SMD 
5962-9319501 
LM12H458M 
EL,W 
12-Bit Data Acquisition 
System 
883/SMD 
5962-9319502 


,"._ ..- "/ 
\"Ole~J 


DATA ACQUISITION 
SUPPORT 


Switched 
Capacitor 
Flit 
rs 


LMF60CMJ50 
J 
6th Order Butterworth 
Lowpass 
883/SMD 
5962-90967 


LMF60CMJ100 
J 
6th Order Butterworth 
Lowpass 
883/SMD 
5962-90967 


LMF90CM 
J 
4th Order Elliptic Notch 
883/SMD 
5962-90968 


LMF100A 
J, E 
Dual 2nd Order General 
Purpose 
883/SMD 
5962-9153301 


Sample 
and Hold 


LF198 
H 
Monolithic 
Sample 
and Hold 
SMD/JA 
5962-87608 


/12501 


Motion 
Control 


LMD18200-2 
D 
Dual 3A, 55V H-Bridge 
883/JAN 
5962-9232501 


Note 
1: D: Side-Brazed 
DIP 
E: Leadless 
ceramic 
Chip Carrier 
G: Metal Can (TQ-8) 
H: Metal Can (TO-39. TO-5, TO-99, TO-100) 
J: Ceramic 
DIP 


K: Metal Can (TO-3) 
W: Flatpak 
Note 
3: Please 
call your local sales office to determine 
price and availability 
of space-level 
products. 
All "LM" 
prefix products in this guide are availble 
with space- 


level processing. 


Note 
2: Process 
Flows 
JAN 
~ JM38510, 
Level B 
SMD 
- 
Standard Military Drawing 


883 
~ MIL-STD-883 
Rev C 


-MIL 
- 
Exceptions 
to 883C noted on 
Certificate 
of Conformance 


t!JNational 
Semiconductor 


Appendix E 
Understanding 
Integrated Circuit 
Package Power Capabilities 


INTRODUCTION 


The short 
and long term reliability 
of National 
Semiconduc- 


tor's 
interface 
circuits, 
like any integrated 
circuit, 
is very de- 


pendent 
on 
its environmental 
condition. 
Beyond 
the 
me- 


chanical/environmental 
factors, 
nothing 
has a greater 
influ- 
ence on this reliability 
than the electrical 
and thermal 
stress 


seen 
by the 
integrated 
circuit. 
Both 
of these 
stress 
issues 


are 
specifically 
addressed 
on 
every 
interface 
circuit 
data 


sheet, 
under 
the 
headings 
of Absolute 
Maximum 
Ratings 


and Recommended 
Operating 
Conditions. 


However, 
through 
application 
calls, it has become 
clear that 


electrical 
stress 
conditions 
are generally 
more 
understood 


than 
the thermal 
stress 
conditions. 
Understanding 
the 
im- 


portance 
of electrical 
stress 
should 
never 
be reduced, 
but 


clearly, a higher focus and understanding 
must be placed 
on 


thermal 
stress. 
Thermal 
stress 
and its application 
to inter- 


face circuits 
from 
National 
Semiconductor 
is the subject 
of 


this application 
note. 


FACTORS 
AFFECTING 
DEVICE 
RELIABILITY 


Figure 
1 shows 
the well known 
"bathtub" 
curve plotting 
fail- 


ure rate versus 
time. 
Similar 
to all system 
hardware 
(me- 


chanical 
or electrical) 
the 
reliability 
of interface 
integrated 


circuits 
conform 
to this 
curve. 
The 
key 
issues 
associated 


with 
this curve 
are infant 
mortality, 
failure 
rate, and useful 


life. 


to 
t1 
12 
EARLYLIFE 
USEFULLIFE 
WEAROUTTIME 


TL/H/9312-1 


FIGURE 
1. Failure 
Rate vs Time 


Infant mortality, 
the high failure 
rate from time to to t1 (early 
life), is greatly 
influenced 
by system 
stress 
conditions 
other 


than temperature, 
and can vary widely from one application 


to another. 
The main stress 
factors 
that contribute 
to infant 


mortality 
are 
electrical 
transients 
and 
noise, 
mechanical 


maltreatment 
and 
excessive 
temperatures. 
Most 
of these 


failures 
are discovered 
in device 
test, 
burn-in, 
card assem- 


bly and handling, and initial system test and operation. 
Al- 


though 
important, 
much literature 
is available 
on the subject 


of infant 
mortality 
in integrated 
circuits 
and is beyond 
the 


scope 
of this application 
note. 


Failure rate is the number 
of devices 
that will be expected 
to 


fail in a given period of time (such as, per million hours). The 
mean 
time 
between 
failure 
(MTBF) 
is the average 
time 
(in 


hours) that will be expected 
to elapse 
after a unit has failed 


before 
the 
next 
unit failure 
will 
occur. 
These 
two 
primary 
"units 
of measure" 
for device 
reliability 
are inversely 
relat- 


ed: 


MTBF=---- 
Failure Rate 


Although 
the 
"bathtub" 
curve 
plots 
the overall 
failure 
rate 


versus 
time, 
the 
useful 
failure 
rate can 
be defined 
as the 


percentage 
of devices 
that fail per-unit-time 
during 
the flat 


portion 
of the curve. This area, called the useful life, extends 


between 
t1 and t2 or from the end of infant 
mortality 
to the 


onset of wearout. 
The useful 
life may be as short as several 
years 
but usually 
extends 
for decades 
if adequate 
design 


margins 
are used in the development 
of a system. 


Many factors 
influence 
useful 
life including: 
pressure, 
me- 


chanical 
stress, 
thermal 
cycling, 
and electrical 
stress. 
How- 
ever, die temperature 
during the device's 
useful life plays an 


equally 
important 
role in triggering 
the onset 
of wearout. 


FAILURE 
RATES vs TIME AND TEMPERATURE 


The relationship 
between 
integrated 
circuit failure 
rates and 


time and temperature 
is a well established 
fact. The occur- 


rence of these failures 
is a function 
which can be represent- 


ed by the Arrhenius 
Model. Well validated 
and predominant- 


ly used for accelerated 
life testing 
of integrated 
circuits, 
the 


Arrhenius 
Model assumes 
the degradation 
of a performance 


parameter 
is linear with time and that MTBF is a function 
of 


temperature 
stress. 
The temperature 
dependence 
is an ex- 


ponential 
function 
that defines 
the probability 
of occurrence. 


This results 
in a formula 
for expressing 
the lifetime 
or MTBF 


at a given temperature 
stress in relation 
to another 
MTBF at 


a different 
temperature. 
The 
ratio 
of these 
two 
MTBFs 
is 


called the acceleration 
factor 
F and is defined 
by the follow- 


ing equation: 


F = Xl 
= exp [~ 
(~ 
_ ~)] 


X2 
K 
T2 
Tl 


Where: 
Xl 
= 
Failure 
rate at junction 
temperature 
Tl 


X2 = 
Failure 
rate at junction 
temperature 
T2 


T = 
Junction 
temperature 
in degrees 
Kelvin 


E = 
Thermal 
activation 
energy 
in electron 
volts 


(ev) 
K = 
Boltzman's 
constant 
• 


However, 
the dramatic 
acceleration 
effect 
of junction 
tem- 
perature 
(chip temperature) 
on failure 
rate is illustrated 
in a 
plot of the above 
equation 
for three 
different 
activation 
en- 


ergies 
in Figure 
2. This graph 
clearly 
demonstrates 
the im- 


portance 
of the relationship 
of junction 
temperature 
to de- 


vice failure 
rate. For example, 
using the 0.99 ev line, a 30· 
rise in junction 
temperature, 
say from 
130·C to 160·C, 
re- 


sults in a 10 to 1 increase 
in failure 
rate. 
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FIGURE 2. Failure 
Rate as a Function 
of Junction 
Temperature 


DEVICE 
THERMAL 
CAPABILITIES 


There 
are many factors 
which 
affect 
the thermal 
capability 


of an integrated 
circuit. 
To understand 
these 
we 
need 
to 


understand 
the predominant 
paths for heat to transfer 
out of 


the integrated 
circuit 
package. 
This is illustrated 
by Figures 


3 and 4. 


Figure 3 shows a cross-sectional 
view of an assembled 
inte- 


grated 
circuit 
mounted 
into a printed 
circuit 
board. 


Figure 
4 is a flow chart showing 
how the heat generated 
at 


the 
power 
source, 
the 
junctions 
of 
the 
integrated 
circuit 


flows 
from 
the chip 
to the 
ultimate 
heat 
sink, the ambient 


environment. 
There 
are two predominant 
paths. The first is 


from the die to the die attach 
pad to the surrounding 
pack- 
age material 
to the package 
lead frame to the printed 
circuit 
board and then to the ambient. 
The second 
path is from the 


package 
directly 
to the ambient 
air. 


Improving 
the 
thermal 
characteristics 
of any stage 
in the 


flow chart of Figure 4 will result in an improvement 
in device 


thermal 
characteristics. 
However, 
grouping 
all these charac- 


teristics 
into one 
equation 
determining 
the 
overall 
thermal 


capability 
of 
an 
integrated 
circuit/package/environmental 
condition 
is possible. 
The equation 
that expresses 
this rela- 
tionship 
is: 


TJ = TA + PD(8JN 


Where: 
TJ = Die junction 
temperature 


TA = Ambient 
temperature 
in the vicinity 
device 


PD = Total 
power 
dissipation 
(in watts) 


8JA = Thermal 
resistance 
junction-to-ambient 


8JA, the thermal 
resistance 
from device 
junction-to-ambient 
temperature, 
is measured 
and specified 
by the manufactur- 
ers 
of integrated 
circuits. 
National 
Semiconductor 
utilizes 
special 
vehicles 
and methods 
to measure 
and monitor 
this 


parameter. 
All circuit 
data sheets 
specify 
the thermal 
char- 


acteristics 
and capabilities 
of the packages 
available 
for a 
given 
device 
under 
specific 
conditions-these 
package 
power 
ratings 
directly 
relate 
to thermal 
resistance 
junction- 


to-ambient 
or 8JA. 


Although 
National 
provides 
these 
thermal 
ratings, 
it is crit- 


ical that the end user understand 
how to use these numbers 


to improve 
thermal 
characteristics 
in the development 
of his 
system 
using IC components. 


DIE 


JUNCTION 
(ENERGY 
SOURCE) 


DIE 


ATTACH 
PAD 


PRINTED 


CIRCUIT 


80ARO 


AIRFllM 


AROUND 
PACKAGE 


DETERMINING 
DEVICE 
OPERATING 
JUNCTION 
TEMPERATURE 


From the above 
equation 
the method 
of determining 
actual 
worst-case 
device 
operating 
junction 
temperature 
becomes 


straightforward. 
Given 
a 
package 
thermal 
characteristic, 
(JJA, worst-case 
ambient 
operating 
temperature, 
TA(max) , 


the 
only 
unknown 
parameter 
is device 
power 
dissipation, 
PD. In calculating 
this parameter, 
the dissipation 
of the inte- 


grated 
circuit 
due to its own 
supply 
has to be considered, 


the dissipation 
within 
the package 
due to the external 
load 


must also be added. 
The power 
associated 
with the load in 


a dynamic 
(switching) 
situation 
must 
also 
be considered. 
For example, 
the 
power 
associated 
with 
an inductor 
or a 


capacitor 
in a static 
versus 
dynamic 
(say, 1 MHz) condition 
is significantly 
different. 


The junction 
temperature 
of a device 
with a total 
package 
power 
of 600 mW at 70'C 
in a package 
with a thermal 
re- 


sistance 
of 63'C/W 
is 108'C. 


TJ = 70'C + (63'C/W) 
x (0.6W) 
= 
108'C 


The next obvious 
question 
is, "how 
safe is 108'C?" 


MAXIMUM 
ALLOWABLE 
JUNCTION 
TEMPERATURES 


What is an acceptable 
maximum 
operating 
junction 
temper- 
ature 
is in itself somewhat 
of a difficult 
question 
to answer. 
Many 
companies 
have 
established 
their 
own 
standards 


based 
on corporate 
policy. 
However, 
the semiconductor 
in- 


dustry has developed 
some defacto 
standards 
based on the 


device 
package 
type. 
These 
have 
been 
well 
accepted 
as 


numbers 
that relate 
to reasonable 
(acceptable) 
device 
life- 


times, 
thus failure 
rates. 


National 
Semiconductor 
has 
adopted 
these 
industry-wide 


standards. 
For devices 
fabricated 
in a molded 
package, 
the 


maximum 
allowable 
junction 
temperature 
is 
150'C. 
For 


these 
devices 
assembled 
in ceramic 
or cavity 
DIP pack- 
ages, 
the 
maximum 
allowable 
junction 
temperature 
is 


175'C. 
The numbers 
are different 
because 
of the differenc- 
es in package 
types. 
The thermal 
strain associated 
with the 


die package 
interface 
in a cavity package 
is much less than 


that 
exhibited 
in a molded 
package 
where 
the 
integrated 


circuit 
chip is in direct 
contact 
with the package 
material. 


Let us use this new information 
and our thermal 
equation 
to 


construct 
a graph 
which 
displays 
the safe thermal 
(power) 


operating 
area for a given 
package 
type. Figure 
5 is an ex- 


ample 
of such 
a graph. 
The 
end 
points 
of this 
graph 
are 


easily 
determined. 
For a 16-pin 
molded 
package, 
the maxi- 


mum allowable 
temperature 
is 150'C; 
at this point no power 


dissipation 
is allowable. 
The 
power 
capability 
at 
25'C 
is 


1.98W as given by the following 
calculation: 


P 
@25'C= 
TJ(max)-TA= 
150'C-25'C=1.98W 


D 
(JJA 
63'C/W 


The slope 
of the straight 
line between 
these 
two 
points 
is 
minus 
the 
inversion 
of the 
thermal 
resistance. 
This 
is re- 


ferred 
to as the derating 
factor. 


1 
Derating 
Factor 
= 


(JJA 


As mentioned, 
Figure 5 is a plot of the safe thermal 
operat- 


ing area for a device 
in a 16-pin molded 
DIP. As long as the 
intersection 
of a vertical 
line defining 
the maximum 
ambient 


temperature 
(70'C 
in our previous 
example) 
and maximum 
device 
package 
power 
(600 mW) remains 
below 
the maxi- 


mum package 
thermal 
capability 
line the junction 
tempera- 
ture will remain 
below 
150'G-the 
limit for a molded 
pack- 


age. If the intersection 
of ambient 
temperature 
and package 


power 
fails on this line, the maximum 
junction 
temperature 


will be 150'C. 
Any intersection 
that 
occurs 
above 
this 
line 


will result 
in a junction 
temperature 
in excess 
of 150'C 
and 
is not an appropriate 
operating 
condition. 
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FIGURE 
5. Package 
Power 
Capability 
vs Temperature 


The 
thermal 
capabilities 
of 
all integrated 
circuits 
are 
ex- 


pressed 
as a power 
capability 
at 25'C 
still air environment 


with 
a given 
derating 
factor. 
This 
simply 
states, 
for every 


degree 
of ambient 
temperature 
rise above 25'C, 
reduce 
the 


package 
power 
capability 
stated 
by 
the 
derating 
factor 


which 
is expressed 
in mWrC. 
For our example--a 
(JJA of 


63'C/W 
relates 
to a derating 
factor 
of 15.9 mW rc. 


FACTORS 
INFLUENCING 
PACKAGE 
THERMAL 
RESISTANCE 


As discussed 
earlier, 
improving 
any portion 
of the two 
pri- 


mary 
thermal 
flow 
paths 
will 
result 
in an improvement 
in 


overall 
thermal 
resistance 
junction-to-ambient. 
This section 


discusses 
those 
components 
of thermal 
resistance 
that can 


be influenced 
by the manufacturer 
of the integrated 
circuit. It 


also 
discusses 
those 
factors 
in the 
overall 
thermal 
resist- 
ance that can be impacted 
by the end user of the integrated 


circuit. 
Understanding 
these 
issues 
will 
go a long 
way 
in 
understanding 
chip 
power 
capabilities 
and 
what 
can 
be 


done 
to insure 
the best possible 
operating 
conditions 
and, 


thus, best overall 
reliability. 
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relates 
directly 
to having 
a larger 
area with which 
to dissi- 


pate a given 
power. 
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FIGURE 
6. Thermal 
Resistance 
vs Die Size 


Lead 
Frame 
Material 


Figure 
7 shows 
the 
influence 
of lead frame 
material 
(both 


die 
attach 
and 
device 
pins) 
on 
thermal 
resistance. 
This 


graph 
compares 
our same 
16-pin 
DIP with 
a copper 
lead 


frame, 
a Kovar lead frame, 
and finally 
an Alloy 42 type lead 


frame-these 
are lead frame 
materials 
commonly 
used 
in 


the industry. 
Obviously 
the thermal 
conductivity 
of the lead 


frame 
material 
has a significant 
impact 
in package 
power 
capability. 
Molded 
interface 
circuits 
from National 
Semicon- 


ductor 
use the copper 
lead frame 
exclusively. 
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DIE SIZE (kMll2) 


FIGURE 
7. Thermal 
Resistance 
vs 
Lead 
Frame 
Material 


Board 
vs Socket 
Mount 


One of the major 
paths 
of dissipating 
energy 
generated 
by 


the integrated 
circuit is through 
the device 
leads. As a result 


of this, 
the 
graph 
of Figure 
8 comes 
as no surprise. 
This 


compares 
the thermal 
resistance 
of our 16-pin package 
sol- 


dered 
into a printed 
circuit 
board 
(board 
mount) 
compared 


to the 
same 
package 
placed 
in a socket 
(socket 
mount). 
Adding 
a socket 
in the path between 
the PC board 
and the 


device 
adds 
another 
stage 
in the thermal 
flow 
path, 
thus 


increasing 
the overall thermal 
resistance. 
The thermal 
capa- 
bilities 
of 
National 
Semiconductor's 
interface 
circuits 
are 


specified 
assuming 
board 
mount 
conditions. 
If the devices 


are placed 
in a socket 
the thermal 
capabilities 
should 
be 
reduced 
by approximately 
5% to 10%. 
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FIGURE 
8. Thermal 
Resistance 
vs 


Board 
or Socket 
Mount 


AirFlow 


When a high power situation 
exists and the ambient 
temper- 


ature cannot 
be reduced, 
the nex1 best thing is to provide 
air 


flow 
in the vicinity 
of the 
package. 
The 
graph 
of Figure 
9 


illustrates 
the 
impact 
this 
has on thermal 
resistance. 
This 


graph 
plots the relative 
reduction 
in thermal 
resistance 
nor- 


malized 
to the still air condition 
for our 16-pin 
molded 
DIP. 


The thermal 
ratings 
on National 
Semiconductor's 
interface 
circuits 
data sheets 
relate 
to the still air environment. 
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FIGURE 
9. Thermal 
Resistance 
vs Air Flow 


Other 
Factors 


A number 
of other factors 
influence 
thermal 
resistance. 
The 


most important 
of these 
is using thermal 
epoxy 
in mounting 


ICs to the PC board 
and heat sinks. 
Generally 
these 
tech- 


niques 
are required 
only in the very highest 
of power 
appli- 
cations. 


Some 
confusion 
exists 
between 
the 
difference 
in thermal 


resistance 
junction-to-ambient 
(6JA) and thermal 
resistance 
junction-to-case 
(6Jcl. The best measure 
of actual 
junction 


temperature 
is the junction-to-ambient 
number 
since 
nearly 


all systems 
operate 
in an open 
air environment. 
The 
only 


situation 
where thermal 
resistance 
junction-to-case 
is impor- 
tant is when the entire system 
is immersed 
in a thermal 
bath 
and the environmental 
temperature 
is indeed 
the case tem- 


perature. 
This is only used in extreme 
cases 
and is the ex- 
ception 
to the rule and, for this reason, 
is not addressed 
in 


this application 
note. 


NATIONAL 
SEMICONDUCTOR 
PACKAGE 
CAPABILITIES 


Figures 
10 and 
11 show 
composite 
plots 
of the 
thermal 
characteristics 
of the 
most 
common 
package 
types 
in the 


National 
Semiconductor 
Linear 
Circuits 
product 
family. 
Fig- 
ure 
10 is a composite 
of the 
copper 
lead 
frame 
molded 


package. 
Figure 
11 is a composite 
of the ceramic 
(cavity) 


DIP using 
poly 
die attach. 
These 
graphs 
represent 
board 


mount 
still air thermal 
capabilities. 
Another, 
and final, ther- 


mal resistance 
trend 
will be noticed 
in these 
graphs. 
As the 


number 
of device 
pins increase 
in a DIP the thermal 
resist- 
ance 
decreases. 
Referring 
back 
to the thermal 
fiow 
chart, 
this trend 
should, 
by now, be obvious. 


RATINGS 
ON INTEGRATED 
CIRCUITS 
DATA 
SHEETS 


In conclusion, 
all National 
Semiconductor 
Linear 
Products 


define 
power 
dissipation 
(thermal) 
capability. 
This 
informa- 


tion can be found 
in the Absolute 
Maximum 
Ratings 
section 


of the 
data 
sheet. 
The 
thermal 
information 
shown 
in this 


application 
note 
represents 
average 
data for characteriza- 


tion of the indicated 
package. 
Actual 
thermal 
resistance 
can 


vary from ± 10% to ± 15% due to fluctuations 
in assembly 


quality, 
die shape, die thickness, 
distribution 
of heat sources 


on 
the 
die, 
etc. 
The 
numbers 
quoted 
in the 
linear 
data 


sheets 
reflect 
a 15% 
safety 
margin 
from the average 
num- 


bers found 
in this application 
note. 
Insuring 
that total pack- 
age 
power 
remains 
under 
a specified 
level 
will guarantee 


that the maximum 
junction 
temperature 
will not exceed 
the 


package 
maximum. 
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FIGURE 
12. Thermal 
Resistance 
for "SO" 
Packages 
(Board 
Mount) 


The 
package 
power 
ratings 
are 
specified 
as a maximum 


power 
at 25'C 
ambient 
with 
an associated 
derating 
factor 


for ambient 
temperatures 
above 
25'C. 
It is easy 
to deter- 


mine the power 
capability 
at an elevated 
temperature. 
The 


power 
specified 
at 25'C 
should 
be reduced 
by the derating 


factor 
for every degree 
of ambient 
temperature 
above 
25'C. 


For example, 
in a given product 
data sheet the following 
will 


be found: 


Maximum 
Power 
Dissipation' 
at 25'C 
Cavity 
Package 
1509 mW 
Molded 
Package 
1476 mW 


• Derate cavity package at 10 mwrc 
above 25°C; derate molded package 


at 11.8 mW /'C above 25'C. 


If the molded 
package 
is used at a maximum 
ambient 
tem- 


perature 
of 70'C, 
the package 
power 
capability 
is 945 mW. 


Po 
@ 70'C= 
1476 mW-(11.8 
mW/'C)X 
(70'C-25'C) 


= 945mW 
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FIGURE 
11. Thermal 
Resistance 
vs Die Size 


vs Package 
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-For products 
with high current 
ratings (>3A), 
thermal 
resistance 
may be 


tower. Consult product datasheet for more information. 


FIGURE 
13. Thermal 
Resistance 
(typ. ') for 3-, 5-, 


and 7-L TO-263 
packages 
mounted 
on 1 oz. 


(0.036mm) 
PC board 
foil 
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APPENDIX F 
How to Get the Right Information From a Data Sheet 


By Robert A. Pease 


When 
a new product 
arrives 
in the marketplace, 
it hopefully 
Every year, for the last 20 years, 
manufacturers 
have been 
will have a good, 
clear data sheet with it. 
trying to explain, with varying 
success, 
why they do not mea- 


The data sheet can show the prospective 
user how to apply 
sure the Zin per se, even though 
they do guarantee 
it. 


the device, 
what performance 
specifications 
are guaranteed 
In other cases, the manufacturer 
may specify 
a test that can 
and various 
typical 
applications 
and 
characteristics. 
If the 
be made 
only on the die as it is probed 
on the wafer, 
but 
data-sheet 
writer 
has done a good job, the user can decide 
cannot 
be tested 
after 
the 
die is packaged 
because 
that 
if the product 
will be valuable 
to him, exactly 
how well it will 
signal is not accessible 
any longer. To avoid frustrating 
and 
be of use 
to 
him and 
what 
precautions 
to take 
to avoid 
confusing 
the customer, 
some manufacturers 
are establish· 
problems. 
ing two classes 
of guaranteed 
specifications: 


SPECIFICATIONS 
0 The tested 
limit represents 
a test that cannot 
be doubt- 
ed, one that is actually 
performed 
directly 
on 100 percent 
of the devices, 
100 percent 
of the time. 


o The design 
limit covers 
other 
tests 
that may be indirect, 


implicit 
or simply 
guaranteed 
by the 
inherent 
design 
of 
the device, 
and is unlikely 
to cause a failure rate (on that 
test), even as high as one part per thousand. 


Why was this distinction 
made? Not just because 
customers 
wanted 
to know 
which 
specifications 
were 
guaranteed 
by 
testing, 
but 
because 
the 
quality-assurance 
group 
insisted 
that it was essential 
to separate 
the tested 
guarantees 
from 
the design 
limits 
so that the AQL 
(assurance-quality 
level) 
could 
be 
improved 
from 
0.1 
percent 
to 
down 
below 
100 ppm. 


Some 
data sheets 
guarantee 
characteristics 
that 
are quite 
expensive 
and difficult 
to test (even harder than noise) such 
as long-term 
drift (20 ppm or 50 ppm over 1,000 hours). 


The 
data 
sheet 
may 
not tell 
the 
reader 
if it is measured, 


tested 
or estimated. 
One manufacturer 
may perform 
a 100- 
percent 
test, while 
another 
states, 
"Guaranteed 
by sample 
testing." 
This is not a very comforting 
assurance 
that a part 
is good, 
especially 
in a critical 
case where ~nly 
a long-term 
test 
can 
prove 
if the 
device 
did 
meet 
the 
manufacturer's 
specification. 
If in doubt, 
question 
the manufacturer. 


The most important 
area of a data sheet specifies 
the char- 
acteristics 
that are guaranteed-and 
the test conditions 
that 
apply when the tests are done. Ideally, all specifications 
that 
the users will need will be spelled 
out clearly. 
If the product 
is similar 
to 
existing 
products, 
one 
can 
expect 
the 
data 
sheet 
to have a format 
similar to other 
devices. 


But, if there 
are significant 
changes 
and improvements 
that 
nobody 
has seen before, 
then the writer must clarify what is 
meant 
by each 
specification. 
Definitions 
of new phrases 
or 
characteristics 
may even have to be added 
as an appendix. 


For example, 
when 
fast-settling 
operational 
amplifiers 
were 
first 
introduced, 
some 
manufacturers 
defined 
settling 
time 
as the time after slewing 
before 
the output finally enters and 
stays within 
the error-band; 
but other 
manufacturers 
includ- 
ed the slewing 
time in their definition. 
Because 
both groups 
made their definitions 
clear, the user was unlikely to be con- 
fused 
or misled. 


However, 
the reader 
ought 
to be on the alert. 
In a few cas- 
es, the data-sheet 
writer 
is playing 
a specsmanship 
game, 
and is trying to show an inferior 
(to some users) aspect 
of a 
product 
in a light that 
makes 
it look superior 
(which 
it may 
be, to a couple 
of users). 


When 
a data sheet 
specifies 
a guaranteed 
minimum 
value, 
what does it mean? An assumption 
might be made that the 
manufacturer 
has actually 
tested 
that specification 
and has 
great confidence 
that no part could fail that test and still be 
shipped. 
Yet that is not always 
the case. 


For instance, 
in the early days of op amps 
(20 years 
ago), 
the 
differential-input 
impedance 
might 
have 
been 
guaran- 
teed at 1 MO-but 
the manufacturer 
obviously 
did not mea- 
sure the impedance. 
When 
a customer 
insisted, 
"I have to 
know 
how you measure 
this impedance," 
it had to be ex- 
plained 
that the impedance 
was not measured, 
but that the 
base 
current 
was. The correlation 
between 
Ib and Zin per- 
mitted 
the 
substitution 
of this 
simple 
de test 
for 
a rather 
messy, 
noisy, hard-to-interpret 
test. 


TYPICALS 


Next to a guaranteed 
specification, 
there 
is likely to be an- 
other 
in a column 
labeled 
"typical". 


It might mean that the manufacturer 
once actually 
saw one 
part as good as that. It could indicate 
that half the parts are 
better than that specification, 
and half will be worse. 
But it is 
equally 
likely 
to mean 
that, 
five 
years 
ago, 
half the 
parts 
were better 
and half worse. 
It could 
easily signify that a few 
parts 
might 
be slightly 
better, 
and a few 
parts 
a lot worse; 


after all, if the noise of an amplifier 
is extremely 
close to the 
theoretical 
limit, one cannot 
expect 
to find anything 
much 
better 
than that, but there 
will always 
be a few noisy ones. 


If the specification 
of interest 
happens 
to be the bias current 
(Ib) of an op amp, a user can expect 
broad 
variations. 
For 
example, 
if the 
specification 
is 200 
nA 
maximum, 
there 
might be many parts where 
Ib is 40 nA on one batch 
(where 
the beta is high), and a month 
later, many parts where the Ib 
is 140 nA when the beta is low. 


Absolute Maximum Ratings 
(Note 11) 
* 
If 
Military/Aerospace 
specified 
devices 
are 
required, 
Lead 
Temp. 
(Soldering, 
4 
seconds) 


please 
contact 
the 
National 
Semiconductor 
Sales 
TO-46 
Package 
+ 300°C 


Office/Distributors 
for 
availability 
and specifications. 
TO-92 
Package 
+ 260°C 
Supply Voltage 
+35Vto 
-0.2V 
Specified 
Operating 
Temp. 
Range 
(Note 2) 


Output Voltage 
+6V 
to -1.0V 
TMIN to TMAX 
Output Current 
10mA 
LM34, LM34A 
-50°F 
to + 300°F 


Storage 
Temperature, 
LM34C, 
LM34CA 
-40°F 
to +230°F 
TO-46 
Package 
- 76°F to + 356°F 
LM34D 
+32°Fto 
+212"F 
TO-92 
Package 
- 76°F to + 300°F 


DC Electrical Characteristics 
(Note 1, Note 
6) 


LM34A 
LM34CA 


Parameter 
Conditions 
Tested 
Design 
Tested 
Design 
Units 
Typical 
Limit 
limit 
Typical 
Limit 
Limit 
(Max) 
(Note 
4) 
(Note 
5) 
(Note 
4) 
(Note 
5) 


Accuracy 
(Note 7) 
TA = +77°F 
±0.4 
±1.0 
±0.4 
±1.0 
of 


TA = O°F 
±0.6 
±0.6 
±2.0 
OF 


TA = TMAX 
±0.8 
±2.0 
±0.8 
±2.0 
OF 


TA = TMIN 
±0.8 
±2.0 
±0.8 
±3.0 
OF 


Nonlinearity 
(Note 8) 
TMIN ~ TA ~ TMAX 
±0.35 
±0.7 
±0.30 
±0.6 
of 


Sensor 
Gain 
TMIN ~ TA ~ TMAX 
+10.0 
+9.9, 
+10.0 
+9.9, 
mVI"F, 
min 


(Average 
Slope) 
+ 10.1 
+ 10.1 
mVI"F, 
max 


Load Regulation 
TA = +77°F 
±0.4 
±1.0 
±0.4 
±1.0 
mV/mA 
(Note 3) 
TMIN ~ TA ~ TMAX 
±0.5 
±3.0 
±0.5 
±3.0 
mV/mA 


o ~ IL ~ 1 mA 


Line Regulation 
(Note 3) 
TA = +77°F 
±0.01 
±0.05 
±0.01 
±0.05 
mVIV 


5V ~ Vs ~ 30V 
±0.02 
±O.1 
±0.02 
±O.1 
mVIV 


Quiescent 
Current 
Vs = +5V, 
+77°F 
75 
90 
75 
90 
p.A 
(Note 9) 
Vs = +5V 
131 
160 
116 
139 
p.A 


Vs = +30V, 
+77"F 
76 
92 
76 
92 
p.A 


Vs = +30V 
132 
163 
117 
142 
p.A 


Change 
of Quiescent 
4V ~ Vs ~ 30V, + 77°F 
+0.5 
2.0 
0.5 
2.0 
p.A 


Current 
(Note 3) 
5V ~ Vs ~ 30V 
+ 1.0 
3.0 
1.0 
3.0 
p.A 


Temperature 
Coefficient 
+0.30 
+0.5 
+0.30 
+0.5 
p.AI"F 
of Quiescent 
Current 


Minimum 
Temperature 
In circuit of Figure 
1, 
+3.0 
+5.0 
+3.0 
+5.0 
of 


for Rated Accuracy 
IL = 0 


Long-Term 
Stability 
Tj = TMAX for 1000 hours 
±0.16 
±0.16 
of 


Note 
1: Unless otherwise 
noted, these specifications 
apply: -SerF 
:s;"Tj :s::+ 30Q-F for the LM34 and LM34A; 
-40"F 
s: Tj S; +230"F for the lM34C and 
LM34CA;and +32"F ,;; TI ,;; + 212"Ffor the LM34D.Vs ~ +5 Vdcand ILOAO 
~ 50 I'A inthe circuitof Figure2; +6 Vdcfor LM34andLM34Afor 230"F ,;;Tj 
,;; 


30crF. These specifications 
also apply from +soF to TMAX in the circuit of Figure t. 


Hote 
2: Thermal 
resistance 
of the TD-46 
package is 292"F IW junction 
to ambient and 43°F!W 
junction 
to case. Thermal resistance 
of the TO·92 package 
is 
324°F/W 
junction to ambient. 


Note 
3: Regulation 
is measured 
at constant 
junction 
temperature 
using pulse testing with a low duty cycle. Changes 
in output due to heating effects 
can be 
computed 
by multiplying the internal dissipation 
by the thermal resistance. 


Note 4: Tested limits are guaranteed 
and 100% tested in production. 


Note 5: Design limits are guaranteed 
(but not 100% production 
tested) over the indicated temperature 
and supply voltage ranges. These limits are not used to 
calculate 
outgoing Quality levels. 


Note 6: Specification 
in BOLDFACE 
TYPE apply over the full rated temperature 
range. 


Note 7: Accuracy is defined as the error between the output voltage and 10 mV/OF times the device's case temperature 
at specified conditions 
of voltage, current, 


and temperature 
(expressed 
in oF). 


Note 8: Nonlinearity 
is defined as the deviation of the output-voltage-versus-temperature 
curve from the best-fit straight line over the device's 
rated temperature 
range. 


Note 9: Quiescent 
current is defined in the circuit 01 Figure 1. 
Note 10:Contactfactoryfor availabilityof LM34CAZ. 
* * Note 
11: Absolute 
Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical 
specifications 
do not apply when 
operating 
the device beyond its rated operating 
conditions 
(see Note 1). 


Note 
1 lists the nominal 
test conditions 
and test circuits 
in 
which 
all the 
characteristics 
are defined. 
Some 
additional 
test 
conditions 
are 
listed 
in the 
column 
"Conditions", 
but 
Note 
1 helps 
minimize 
the clutter. 


Note 
2 gives 
the thermal 
impedance, 
(which 
may also 
be 
shown 
in a chart 
or table). 


Note 3 warns 
that an output 
impedance 
test, if done with a 
long 
pulse, 
could 
cause 
significant 
self-heating 
and 
thus, 
error. 


Note 
6 is intended 
to show 
which 
specs 
apply 
at all rated 
temperatures. 


Note 7 is the definition 
of the "Accuracy" 
spec, and Note 8 
the 
definition 
for 
non-linearity. 
Note 
9 states 
in what 
test 
circuit 
the 
quiescent 
current 
is defined. 
Note 
10 indicates 
that one model of the family may not be available 
at the time 
of printing 
(but happens 
to be available 
now), and Note 11 is 
the definition 
of Absolute 
Max Ratings. 


• 
Note-the 
"4 seconds" 
soldering 
time is a new standard 
for plastic 
packages. 


•• Note-the 
wording 
of Note 
11 has been revised-this 
is 
the best wording 
we can devise, 
and we will use it on all 
future 
datasheets. 


APPLICATIONS 


Another 
important 
part of the data sheet 
is the applications 
section. 
It indicates 
the novel and conventional 
ways to use 
a device. 
Sometimes 
these 
applications 
are just little ideas 
to tweak 
a reader's 
mind. After 
looking 
at a couple 
of appli- 
cations, 
one can invent 
other 
ideas 
that 
are useful. 
Some 
applications 
may be of no real interest 
or use. 


In other 
cases, 
an application 
circuit 
may be the complete 
definition 
of the 
system's 
performance; 
it can 
be the 
test 
circuit 
in which 
the 
specification 
limits 
are defined, 
tested 
and guaranteed. 
But, in all other instances, 
the performance 
of a typical 
application 
circuit 
is not guaranteed, 
it is only 
typical. 
In many 
circumstances, 
the 
performance 
may de- 
pend 
on 
external 
components 
and 
their 
precision 
and 
matching. 
Some 
manufacturers 
have 
added 
a phrase 
to 
their data sheets: 


"Applications 
for any circuits 
contained 
in this document 
are 
for illustration 
purposes 
only 
and the 
manufacturer 
makes 
no representation 
or warranty 
that such applications 
will be 
suitable 
for the use indicated 
without 
further 
testing 
or modi- 
fication." 


In the future, 
manufacturers 
may find 
it necessary 
to add 
disclaimers 
of this 
kind 
to avoid 
disappointing 
users 
with 
circuits 
that work well, much of the time, but cannot 
be easi- 
ly guaranteed. 


The 
applications 
section 
is also 
a good 
place 
to look 
for 
advice 
on quirks-potential 
drawbacks 
or little details 
that 
may not be so little when 
a user wants 
to know if a device 
will actually 
deliver 
the expected 
performance. 


For example, 
if a buffer 
can drive heavy loads and can han- 
dle fast signals 
cleanly 
(at no load), 
the 
maker 
isn't 
doing 
anybody 
any favors 
if there 
is no mention 
that the distortion 
goes sky-high 
if the rated 
load is applied. 


ceeding 
the negative 
common-mode 
limft on both inputs will 
force 
the 
amplifier 
output 
to a high state. 
In neither 
case 
does 
a latch 
occur, 
since 
raising 
the input 
back 
within 
the 
common-mode 
range 
again 
puts the input 
stage 
and, thus 
the amplifier, 
in a normal 
operating 
mode." 


That's 
the kind of information 
a manufacturer 
should 
really 
give 
to 
a data-sheet 
reader 
because 
no one 
could 
ever 
guess 
it. 


Sometimes, 
a writer slips a quirk into a characteristic 
curve, 
but it's wiser to draw attention 
to it with a line of text. This is 
because 
it's better 
to make 
the user sad before 
one 
gets 
started, 
rather 
than 
when 
one 
goes 
into 
production. 
Con- 
versely, 
if a user 
is going 
to spend 
more 
than 
10 minutes 
using a new product, 
one ought to spend 
a full five minutes 
reading 
the entire 
data sheet. 


FINE PRINT 


What other fine print can be found 
on a data sheet? 
Some- 
times the front page may be marked 
"advance" 
or "prelimi- 
nary." 
Then on the back page, the fine print may say some· 
thing such as: 


"This 
data 
sheet 
contains 
preliminary 
limits 
and 
design 
specifications. 
Supplemental 
information 
will 
be published 
at a later date. The manufacturer 
reserves 
the right to make 
changes 
in the products 
contained 
in this document 
in order 
to improve 
design 
or performance 
and to supply 
the 
best 
possible 
products. 
We also assume 
no responsibility 
for the 
use of any circuits 
described 
herein, 
convey 
no license 
un- 
der any patent 
or other 
right and 
make 
no representation 
that the circuits 
are free from patent 
infringement." 


In fact, 
after 
a device 
is released 
to the 
marketplace 
in a 
preliminary 
status, 
the 
engineers 
love 
to 
make 
small 
im- 
provements 
and upgrades 
in specifications 
and characteris- 
tics, and hate to degrade 
a specification 
from 
its first pub- 
lished value-but 
occasionally 
that is necessary. 


Another 
item 
in the 
fine 
print 
is the 
manufacturer's 
tele- 
phone 
number. 
Usually 
it is best 
to refer 
questions 
to the 
local sales representative 
or field-applications 
engineer, 
be- 
cause 
they may know the answer 
or they may be best able 
to put a questioner 
in touch 
with 
the 
right 
person 
at the 
factory. 


Occasionally, 
the factory's 
applications 
engineers 
have 
all 
the information. 
Other 
times, 
they 
have to bring in product 
engineers, 
test engineers 
or marketing 
people. 
And some- 
times 
the answer 
can't 
be generated 
quickly-data 
have to 
be gathered, 
opinions 
solidified 
or policies 
formulated 
be- 
fore 
the 
manufacturer 
can 
answer 
the 
question. 
Still, 
the 
telephone 
number 
is the key to getting 
the factory 
to help. 


ORIGINS 
OF DATA SHEETS 


Of course, 
historically, 
most data sheets 
for a class of prod- 
ucts 
have 
been 
closely 
modeled 
on the data 
sheet 
of the 
forerunner 
of that class. The first data sheet was copied 
to 
make new versions. 


That's 
the way it happened 
with the UA709 
(the first mono- 
lithic op amp) and all its copies, 
as well as many other 
simi- 
lar families 
of circuits. 


Even today, an attempt 
is made to build on the good things 
learned 
from 
the 
past and add a few 
improvements 
when 
necessary. 
But, 
it's 
important 
to 
have 
real 
improvements, 


not just change 
for the sake of change. 


So, while 
it's not easy to get the format 
and everything 
in it 


exactly 
right to please 
everybody, 
new data sheets 
are con- 


tinually 
surfacing 
with 
new 
features, 
applications 
ideas, 


specifications 
and aids for the user. And, if the users com- 


plain 
loudly 
enough 
about 
misleading 
or inadequate 
data 


sheets, 
they can help lead the way to change 
data sheets. 
That's 
how 
many 
of today's 
improvements 
came 
about- 


through 
customer 
demand. 


Who writes 
data 
sheets? 
In some 
cases, 
a marketing 
per- 


son does the actual 
writing 
and engineers 
do the checking. 
In other 
companies, 
the 
engineer 
writes, 
while 
marketing 
people 
and other 
engineers 
check. 
Sometimes, 
a commit- 


tee seems 
to be doing 
the writing. 
None 
of these 
ways 
is 


necessarily 
wrong. 


For example, 
one approach 
might be: The original 
designer 
of the product 
writes 
the data sheet 
(inside 
his head) at the 


same time the product 
is designed. 
The concept 
here is, if 
one can't find the proper 
ingredients 
for a data sheet-i)ood 


applications, 
convenient 
features 
for 
the 
user 
and 
nicely 


tested 
specifications 
as the 
part 
is being 
designed-then 
maybe it's not a very good product 
until all those ingredients 


are completed. 
Thus, 
the collection 
of raw materials 
for a 


good 
data sheet 
is an integral 
part of the design 
of a prod- 


uct. The actual 
assembly 
of these 
materials 
is an art which 


can take place 
later. 


WHEN TO WRITE 
DATA SHEETS 


A new 
product 
becomes 
available. 
The 
applications 
engi- 


neers 
start evaluating 
their application 
circuits 
and the test 


engineers 
examine 
their production 
test equipment. 


But how can the users evaluate 
the new device? 
They have 
to have a data sheet-which 
is still in the process 
of being 
written. 
Every week, 
as the data sheet 
writer tries to polish 
and refine 
the incipient 
data sheet, 
other 
engineers 
are re- 


porting, 
"These 
spec 
limits 
and conditions 
have 
to be re- 


vised," 
and, "Those 
application 
circuits 
don't 
work 
like we 
thought 
they would; 
we'll 
have 
one running 
in a couple 
of 


days." 
The marketing 
people 
insist that the data sheet must 
be finalized 
and 
frozen 
right 
away 
so that 
they 
can 
start 


printing 
copies 
to go out with evaluation 
samples. 


These trying conditions 
may explain why data sheets 
always 
seem to have been thrown 
together 
under 
panic conditions 


and why they have so many rough 
spots. 
Users should 
be 


aware 
of the conflicting 
requirements: 
Getting 
a data sheet 
"as 
completely 
as possible" 
and 
"as 
accurately 
as possi- 


ble" 
is compromised 
if one wants to get the data sheet 
"as 
quickly 
as possible." 


The reader 
should 
always 
question 
the manufacturer. 
What 


are the alternatives? 
By not asking the right question, 
a mis- 
understanding 
could 
arise; getting 
angry with the manufac- 
turer is not to anyone's 
advantage. 


Robert 
Pease has been staff scientist 
at National 
Semicon- 


ductor 
Corp., 
Santa 
Clara, 
Calif., 
for eleven 
years. 
He has 


designed 
numerous 
op amps, data converters, 
voltage 
reg- 


ulators 
and analog-circuit 
functions. 


Appendix H 
Safe Operating Areas for 
Peripheral Drivers 


Peripheral 
Drivers 
is a broad 
definition 
given 
to 
Interface 


Power 
devices. 
The devices 
generally 
have open-collector 


output 
transistors 
that can switch 
hundreds 
of milliamps 
at 


high voltage, 
and are driven by standard 
Digital Logic gates. 
They serve many applications 
such as: Relay Drivers, 
Print- 


er Hammer 
Drivers, 
Lamp Drivers, 
Bus Drivers, Core Memo- 


ry Drivers, 
Voltage 
Level Transistors, 
and etc. Most 
IC de- 


vices 
have a specified 
maximum 
load such as one TTL gate 


can drive ten other TIL 
gates. Peripheral 
drivers 
have many 


varied 
load situations 
depending 
on the application, 
and re- 


quires the design 
engineer 
to interpret 
the limitations 
of the 


device 
vs its application. 
The major considerations 
are Peak 


Current, 
Breakdown 
Voltage, 
and Power 
Dissipation. 


OUTPUT 
CURRENT 
AND VOLTAGE 
CHARACTERISTICS 


Figure 
1 shows 
the circuit 
of a typical 
peripheral 
driver, the 


DS75451. 
The circuit 
is equivalent 
to a TIL 
gate driving 
a 


300 mA output transistor. 
Figure 2 shows the characteristics 


of the output 
transistor 
when 
it is ON and when 
it is OFF. 
The output 
transistor 
is capable 
of sinking 
more 
than 
one 


amp of current 
when 
it is ON, and is specified 
at a VOL = 
0.7V 
at 300 
mA. The output 
transistor 
is also 
specified 
to 


operate 
with voltages 
up to 30V without 
breaking 
down, 
but 


there 
is more to that as shown 
by the breakdown 
voltages 


labeled 
BVCES, 
BVCER, 
and LVCEO. 


INPUT 
A 


INPUT 
B 
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FIGURE 
1. Typical 
Peripheral 
Driver 
0575451 


BVCES 
corresponds 
to the 
breakdown 
voltage 
when 
the 


output 
transistor 
is held off by the lower output 
transistor 
of 


the TIL 
gate, 
as would 
happen 
if the power 
supply 
(Vecl 


was 
5V. 
BVCER 
corresponds 
to 
the 
breakdown 
voltage 


when the output 
transistor 
is held off by the 500 resistor, 
as 


would 
happen 
if the 
power 
supply 
(Vecl 
was 
off 
(OV). 
LVCEO corresponds 
to the breakdown 
voltage 
of the output 


transistor 
if 
it 
could 
be 
measured 
with 
the 
base 
open. 
LVCEO can be measured 
by exceeding 
the breakdown 
volt- 


age BVCES and measuring 
the voltage 
at output currents 
of 


1 to 10 mA on a transistor 
curve 
tracer 
(LVCEO 
is some- 


National Semiconductor 
Application 
Note 213 
Bill Fowler 


times 
measured 
in an 
Inductive 
Latch-Up 
Test). 
Observe 


that 
all breakdown 
voltages 
converge 
on 
LVCEO 
at high 


currents, 
and that destructive 
secondary 
breakdown 
voltage 


occurred 
(shown 
as dotted 
line) at high currents 
and 
high 


voltage 
corresponding 
to exceeding 
the 
power 
dissipation 


of the device. 
The characteristics 
of secondary 
breakdown 


voltage 
vary 
with 
the 
length 
of time 
the 
condition 
exists, 


device 
temperature, 
voltage, 
and current. 
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FIGURE 2. Output 
Characteristics 
ON and OFF 


OUTPUT 
TRANSFER 
CHARACTERISTICS 
VS 
INDUCTIVE 
AND CAPACITIVE 
LOADS 


Figure 3 shows 
the switching 
transfer 
characteristics 
super- 
imposed 
on the DC characteristics 
of the output 
transistor 


for an inductive 
load. Figure 
4 shows 
the switching 
transfer 


characteristics 
for a capacitor 
load. 
In both 
cases 
in these 


examples, 
the load voltage 
(VB) exceeds 
LVCEO. When the 


output 
transistor 
turns 
on with 
an inductive 
load the initial 


current 
through 
the 
load 
is 0 mA, and 
the 
transfer 
curve 


switches 
across 
to the 
left 
(Vall 
and 
slowly 
charges 
the 


inductor. 
When the output transistor 
turns off with an induc- 


tive load, the initial current 
is IOL, which 
is sustained 
by the 


inductor 
and 
the 
transistor 
curve 
switches 
across 
to 
the 


right 
(VB) through 
a high 
current 
and 
high 
voltage 
area 


which 
exceeds 
LVCEO and instead 
of turning 
off (shown 
as 


dotted 
line) the device 
goes into secondary 
breakdown. 
It is 


generally 
not a good 
practice 
to let the output 
transistor's 


voltage 
exceed 
LVCEO with an inductive 
load. 


In a similar 
case with a capacitive 
load shown 
in Figure 
4, 


the 
switching 
transfer 
characteristics 
rotate 
counter-clock- 


wise 
through 
the 
DC characteristics, 
unlike 
the 
inductive 


load 
which 
rotated 
clockwise. 
Even 
though 
the 
SWitching 


transfer 
curve 
exceeds 
LVCEO, 
it didn't 
go into secondary 


breakdown. 
Therefore, 
it is an acceptable 
practice 
to let the 


output 
transistor 
voltage 
exceed 
LVCEO, 
but 
not 
exceed 


BVCER 
with a capacitive 
load. 


Tl/F/5860-4 
FIGURE 
4. Capacitive 
Load 
Transfer 
Characteristics 


Figure 
5 shows 
an acceptable 
application 
with an inductive 


load. 
The 
load voltage 
(VB) is less than 
LVCEO, 
and the 


inductive 
voltage 
spike 
caused 
by the 
initial 
inductive 
cur- 


rent is quenched 
by a diode connected 
to VB. 


TliF/5860-5 
FIGURE 5. Inductive 
Load 
Transfer 
Characteristics 
Clamped 
by Diode 


Figure 
6 shows 
the 
switching 
transfer 
characteristics 
of a 
capacitive 
load which 
leads 
to secondary 
breakdown. 
This 
condition 
occurs 
due to high sustained 
currents, 
not break- 
down voltage. 
In this example, 
the large capacitor 
prevent- 


ed the output 
transistor 
from switching 
fast enough 
through 
the high current 
and high voltage 
region; 
in turn the power 
dissipation 
of the device 
was exceeded 
and the output 
tran- 
sistor went 
into secondary 
breakdown. 
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FIGURE 
6. Capacitive 
Load 
Transfer 
Characteristics 


Figure 
7 shows 
another 
method 
of quenching 
the inductive 


voltage 
spike 
caused 
by the 
initial 
inductive 
current. 
This 


method 
dampens 
the switching 
response 
by the addition 
of 


Ro and Co· The values of Ro and Co are chosen 
to critically 


dampen 
the values 
of RL and 
LL; this will 
limit the output 


voltage 
to 2 X VB. 


LL 
X ~ 
1 
,;; 0.5 
(RL + Ro) 
LL Co 
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FIGURE 
7. Inductive 
Load 
Dampened 
by Capacitor 


Figure 
8 shows 
a method 
of reducing 
high sustaining 
cur- 


rents 
in a capacitive 
load. 
Ro in series 
with 
the capacitor 


(CLl will limit the switching 
transistor 
without 
affecting 
final 


amplitude 
of the output voltage, 
since the IR drop across 
Ro 
will be zero after the capacitor 
is charged. 


As an additional 
warning, 
beware 
of parasitic 
reactance. 
If 


the driver's 
load is located 
some 
distance 
from 
the driver 


(as an example: 
on the 
inclosure 
panel 
or through 
a con- 


necting 
cable) 
there 
will be additional 
inductance 
and 
ca- 
pacitance 
which 
may 
cause 
ringing 
on 
the 
driver 
output 
which 
will exceed 
LVCEO or transient 
current 
that exceeds 
the 
sustaining 
current 
of 
the 
driver. 
A 
300 
mA 
current 
through 
a small 
inductor 
can cause 
a good 
size transient 
voltage, 
as 
compared 
with 
20 
mA 
transient 
current 
ob- 
served 
with TTL gates. 
For no other 
reason 
than to reduce 
the noise 
associated 
with these 
transients, 
it is good 
prac- 
tice to dampen 
the driver's 
output. 


In conclusion, 
transient 
voltage 
associated 
with 
inductive 
loads 
can damage 
the peripheral 
driver, 
and transient 
cur- 
rents associated 
with capacitive 
loads can also damage 
the 
driver. 
In some 
instances 
the device 
may not exhibit 
failure 
with the first switching 
cycle, 
but its conditions 
from 
ON to 
OFF will worsen 
after 
many cycles. 
In some 
cases 
the de- 
vice will recover 
after the power has been turned 
off, but its 
long term 
reliability 
may have been degraded. 


POWER 
DISSIPATION 


Power 
Dissipation 
is limited 
by the 
IC Package 
Thermal 
Reactance 
and the external 
thermal 
reactance 
of the envi· 
ronment 
(PC board, 
heat sink, circulating 
air, etc.). Also, the 
power dissipation 
is limited 
by the maximum 
allowable 
junc- 
tion temperature 
of the device. 
There 
are two contributions 
to the power: 
the internal 
bias currents 
and voltage 
of the 


device, 
and the power on the output of the device 
due to the 
Driver 
Load. 


POWER 
LIMITATIONS 
OF PACKAGE 


Figure 
9 shows 
the equivalent 
circuit 
of a typical 
power 
de- 
vice in its application. 
Power 
is shown 
equivalent 
to electri- 
cal current, 
thermal 
resistance 
is shown 
equivalent 
to elec- 
trical resistance, 
the electrical 
reactance 
C and L are equiv- 
alent to the capacity 
to store 
heat, and the propagation 
de- 
lay through 
the 
medium. 
There 
are two 
mediums 
of heat 
transfer: 
conduction 
through 
mass 
and radiant 
convection. 


Convection 
is insignificant 
compared 
with 
conduction 
and 
isn't shown in the thermal 
resistance 
circuits. 
From the point 
power 
is generated 
(device 
junction) 
there 
are three 
possi- 
ble paths 
to the 
ultimate 
heat 
sink: 
1) through 
the device 
leads; 2) through 
the device 
surface 
by mechanical 
connec- 
tion; and 3) through 
the device 
surface 
to ambient 
air. In all 
cases, 
the 
thermal 
paths 
are like delay 
lines 
and 
have 
a 
corresponding 
propagation 
delay. The thermal 
resistance 
is 
proportional 
to the 
length 
divided 
by the 
cross 
sectional 
area of the material. 
The Thermal 
Inductance 
is proportional 
to the 
length 
of the 
material 
(copper, 
molding 
compound, 


etc.) and inversely 
proportional 
to the cross 
sectional 
area. 
The thermal 
capacity 
is proportional 
to the volume 
of the 
material. 


TL/F/5860-8 
FIGURE 
8. Capacitive 
Load with Current 
Limiting 
Resistor 


DEVICE 
PIN 


TlIF/5860-10 
FIGURE 
10. Components 
of Thermal 
Reactance 


for a TypicallC 
Package 


National 
Semiconductor 
specifies 
the 
thermal 
resistance 
from device 
junction 
through 
the device 
leads soldered 
in a 
small 
PC board, 
measured 
in one cubic foot of still air. Fig- 


ure 
11 shows 
the maximum 
package 
power 
rating for an 8 


pin Molded, 
an 8 pin Ceramic, 
14 pin Molded 
and a 14 pin 


Ceramic 
package. 
The slope of the line corresponds 
to ther· 


mal resistance 
(c/>JA = API6.T). 
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FIGURE 
11. Maximum 
Package 
Power 
Rating 


The 
maximum 
allowable 
junction 
temperature 
for ceramic 


packages 
is 175·C; 
operation 
above 
this 
temperature 
will 


reduce 
the reliability 
and life of the device 
below an accept- 


able level. At a temperature 
of 500·C the aluminum 
metalli- 


zation 
paths 
on the die start to melt. The maximum 
allowa- 
ble junction 
temperature 
for a molded 
device is 150·C, oper- 


ations 
above 
this 
may cause 
the difference 
in thermal 
ex- 


pansion 
between 
the molding 
compound 
and package 
lead 


frame 
to sheer 
off the wire bonds from the die to the pack- 


age 
lead. 
The 
industry 
standard 
for 
a molded 
device 
is 


150·C, 
but 
National 
further 
recommends 
operation 
below 


135·C if the device 
in its application 
will encounter 
a lot of 


thermal 
cycling 
(such as powered 
on and off over its life). 


The way to determine 
the maximum 
allowable 
power 
dissi- 


pation from Figure 
11, is to project 
a line from the maximum 


ambient 
temperature 
(TA) 
of 
the 
application 
vertically 


(shown 
dotted 
in Figure 
(2), until the line intercepts 
the di- 


agonal 
line 
of the 
package 
type, 
and 
then 
project 
a line 


(shown 
dotted) 
horizontally 
until the line intercepts 
the Pow- 


er Dissipation 
Axis (PMAX). 


1.4 


1.2 
~ 
z 
0 
>:: 
0.8 
::~ 
0.8 
Q 


""~ 
0.4 
f 
02 


0 
25 
50 


TA 


75 
100 
125 
150 


AM81ENT TEMPERATURE 
(·C) 


TlIF/5860-12 


FIGURE 
12. Maximum 
Package 
Rating 
Copper 
vs 


Kovar 
Lead 
Frame 
Packages 


Figure 
11 shows 
that 
14 pin packages 
have 
less thermal 


resistance 
than 8 pin packages; 
which 
should 
be expected 


since 
it has more 
pins to conduct 
heat and has more 
sur- 


face area. Something 
that may not be expected 
is that the 


Thermal 
Resistance 
of the molded 
devices 
is comparable 
to 


the ceramic 
devices. 
The reason 
for the lower 
thermal 
re- 
sistance 
of the 
molded 
devices 
is the Copper 
lead frame, 


which 
is a better 
thermal 
conductor 
than 
the 
Kovar 
lead 


frame 
of the 
ceramic 
package. 
Almost 
all the 
peripheral 


drivers 
made 
by National 
Semiconductor 
are constructed 


with Copper 
lead frames 
(refer to c/>JA on the specific 
devic- 
es data sheet). 
The difference 
between 
the thermal 
resist- 
ance of Copper 
and Kovar in a molded 
package 
is shown 
in 


Figure 
12. 


Another 
variance 
in thermal 
resistance 
is the size of the IC 


die. If the contact 
area to the lead frame 
is greater, 
then the 


thermal 
resistance 
from 
the 
Die to the 
Lead 
Frame 
is re- 


duced. 
This is shown 
in Figure 
13. The thermal 
resistance 


shown 
in Figure 
11 corresponds 
to die that are 6000 mil2 in 


area. 


140 


~ 
120 


"- 


100 
w 
'"Z.. 
80 
In 
iii 
60 
'"~.. 
40 
'"ffi 
:z: 
20 
... 


-- -- 


2k 
5k 


DIE SIZE (MIL Z) 


TL/F/5860-13 


FIGURE 
13. Thermal 
Resistance 
vs Die Size 


In most applications 
the prime 
medium 
for heat conduction 
is through 
the device 
leads to the PC board, 
but the thermal 


resistance 
can be significantly 
improved 
by cooling 
air driv- 


en across 
the surface 
of the package. 
The conduction 
to air 


is limited by a stagnant 
film of air at the surface 
of the pack· 


age. The film acts as an additional 
thermal 
resistance. 
The 


thickness 
of the film 
is proportional 
to its resistance. 
The 


thickness 
of the 
film 
is reduced 
by the 
velocity 
of the 
air 


across 
the package 
as shown 
in Figure 
14. In most cases, 
the thermal 
resistance 
is reduced 
25% 
to 250 linear feet! 
min, and 30% at 500 linear feet/min, 
above 500 linear feet! 


min the improvement 
flattens 
out. 
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FIGURE 
14. Thermal 
Resistance 
vs Air Velocity 


The thermal 
resistance 
can also be improved 
by connecting 


the package 
to the PC board 
copper 
or by attaching 
metal 


wings 
to the package. 
The improvement 
by these 
means 
is 


outside 
the control 
of the Ie manufacturer, 
but is available 


from 
the manufacturer 
of the 
heat sink device. 
If the 
IC is 


mounted 
in a socket 
rather than soldered 
to a PC board, the 


thermal 
resistance 
through 
the device 
leads will worsen. 
In 


most 
cases, 
the 
thermal 
resistance 
is increased 
by 20%; 
again this is a variable 
subject 
to the specific 
socket 
type. 


The 
maximum 
package 
rating 
shown 
in this 
note 
corre- 
sponds 
to 
a 90% 
confidence 
level 
that 
the 
package 
will 


have 
thermal 
resistance 
equal 
to 
or less 
than 
the 
value 


shown. 
The thermal 
resistance 
varies ± 5% about the mean 


due to variables 
in assembly 
and package 
material. 


CALCULATIONS 
OF POWER 
DISSIPATION 


Most IC devices 
(such as T2L) operate 
at power 
levels well 


below 
the device 
package 
rating, 
but peripheral 
drivers 
can 


easily 
be used 
at power 
levels 
that 
exceed 
the 
package 
rating 
unknowingly, 
if the power 
dissipation 
isn't calculated. 


As an example, 
the 
083654 
Ten 
Bit Printer 
Driver 
could 


dissipate 
3 watts 
(DC and, even more AG), and it is only in a 


0.8 watt 
package. 
In this example, 
the device 
would 
be de- 


stroyed 
in moments, 
and may even 
burn a hole in the PC 


board 
it is mounted 
on. The 
083654 
data 
sheet 
indicated 


that the 10 outputs 
could 
sink 300 mA with a VOL of 1 volt, 
but it wasn't 
intended 
that all the outputs 
would 
be sinking 


this current 
at the same time, and if so, not for a long period. 
The use of the 083654 
requires 
that the power be calculat- 
ed vs the duty cycle 
of the outputs. 


The 
DC power 
dissipation 
is pretty 
obvious, 
but in another 


example, 
a customer 
used the 083686 
relay driver to drive 


6.5h inductive 
load. The 083687 
has an internal 
clamp 
net- 


work to quench 
the inductive 
back swing at 60V. At 5 Hz the 


device 
dissipates 
2 watts, 
with 
transient 
peaks 
up to 
11 


watts. 
After 
15 minutes 
of operation, 
the driver succumbs 
to 


thermal 
overload 
and becomes 
non-functional. 
The 083687 


was intended 
for telephone 
relay, which in most applications 


switches 
20 times 
a day. 


Peripheral 
driver will dissipate 
peak power levels that greatly 


exceed 
the average 
DC power. This is due to the capacity 
of 


the die and package 
to consume 
the transient 
energy 
while 


still 
maintaining 
the 
junction 
temperature 
at a safe 
level. 


This capacity 
is shown 
as a capacitor 
in Figure 
9. In the lab 


(under 
a microscope) 
a device 
may be observed 
to glow 


orange 
around 
the parameter 
of the junction 
under 
exces- 


sive peak 
power 
without 
damage 
to the device. 
Figure 
15 


shows 
a plot of maximum 
peak 
power 
vs applied 
time for 


the 083654, 
and the same information 
plotted 
as energy 
vs 


applied 
time. 
To obtain 
these 
curves, 
the 
device 
leakage 
current 
when 
it switches 
off 
was 
used 
to 
monitor 
device 


limitation. 
Note in Figure 
15 there 
is a transition 
in the curve 


about 
10 /ks. At this point, 
the thermal 
capacity 
of the die 


has been exceeded. 
The thermal 
delay to the next thermal 


capacity 
(the package) 
was too long, and limited 
the peak 


power. These 
levels are not suggested 
operating 
levels, 
but 


an example 
of a Peripheral 
Driver to handle 
peak transient 


power. 
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FIGURE 
15. Peak Power 
and Energy 
vs the 


Period 
of Time 
the Power 
was Applied 


To calculate 
power 
dissipation, 
the 
only 
information 
avail- 
able to the design 
engineer 
is the 
parametric 
limits 
in the 


device 
data sheet, and the same information 
about the load 
reactance. 
If the calculations 
indicate 
the device 
is within 
its 


limits of power dissipation, 
then using those 
parametric 
lim- 


its is satisfactory. 
If the calculation 
of power 
dissipation 
is 
marginal, 
the 
parametric 
limits 
used 
in 
the 
calculations 


might be worst case at low temperature 
instead 
of high tem- 


perature 
due to a positive 
temperature 
coefficient 
(TcJ of 


resistance. 
IC resistors 
and 
resistors 
associated 
with 
the 


load generally 
have a positive 
Tc. On the other hand, diodes 
and 
transistor 
emitter 
base 
voltages 
have 
a negative 
Tc; 


which may in some circuits 
negate 
the effect 
of the resistors 


Tc. Peripheral 
output 
transistors 
have a positive 
Tc associ- 
ated 
with 
VOL; while 
output 
Darlington 
transistors 
have 
a 


negative 
Teat 
low currents 
and may be flat at high currents. 


Figure 
16 shows 
an example 
of power 
dissipation 
vs tem- 


perature; 
note that the power dissipation 
at the application's 


maximum 
temperature 
(TA) was less than 
the power 
dissi- 


pation at lower temperatures. 
8ince 
maximum 
junction 
tem- 


perature 
is the concern 
of the 
calculation, 
then 
maximum 
ambient 
temperature 
power 
should 
be used. 
The junction 


temperature 
may be determined 
by projecting 
a line (shown 
dotted 
in Figure 
16), with a slope proportional 
to <l>JAback to 
the horizontal 
axis (shown 
as TJ). If the point 
is below 
the 


curve 
then TJ will be less than 
150"C. TJ must not exceed 


the maximum 
junction 
temperature 
for that package 
type. In 


this example, 
TJ is less than 
150'C 
as required 
by a molded 


package. 
To calculate 
the power vs temperature, 
it is neces- 


sary to characterize 
the device 
parameters 
vs temperature. 


Unfortunately, 
this information 
is not always 
provided 
by IC 


manufacturers 
in the device data sheets. 
A method 
to calcu- 


late Ice vs temperature 
is to measure 
a device, then normal- 
ize the measurements 
vs the typical value for Ice in the data 
sheet, 
then worst 
case the measurements 
by adding 
30%. 


Thirty 
percent 
is normally 
the worst-case 
resistor 
tolerance 
that IC devices 
are manufactured 
to. 
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FIGURE 
16.IC 
Power 
Dissipation 
vs Temperature 


CALCULATION 
OF OUTPUT 
POWER 
WITH 
AN INDUCTIVE 
LOAD 


For this example, 
the device 
output 
circuit 
is similar 
to the 
DS3654 
(10-Sit 
Printer 
Solenoid 
Driver) 
and 
the 
DS3686 
and 
DS3687 
(Telephone 
Relay 
Driver) 
as shown 
in Figure 
17. Special 
features 
of the 
circuit 
type 
are the 
Darlington 
output 
transistors 
01 
and 02 
and the zener diode from the 
collector 
of 01 
to the 
base 
of 02. 
The 
Darlington 
output 
requires 
very little drive from the logic gate driVing it and in 


turn dissipates 
less power when the output is turned 
ON and 
OFF, 
than 
a single 
saturating 
transistor 
output 
would. 
The 
zener 
diode 
(Dz) quenches 
the inductive 
backswing 
when 
the output 
is turned 
OFF. 
Device 
and Load 
Characteristics 
Used for 
Power 
Calculation 


Output Voltage 
ON 


Output Clamp Voltage 


Load Voltage 


Load Resistance 


Load Inductance 


Period ON 


Period OFF 


Total Period 


VOL 
Ve 
VB 


RL 
LL 


TON 


TOFF 
T 


1.5V 


65V 


30V 
1200. 


5h 


lOOms 


100ms 


200ms 


':" 
':" 
TL/F/5860-17 
FIGURE 
17. Peripheral 
Driver 
with 
Inductive 
Load 


Refer 
to Figure 
18 voltage 
and 
current 
waveforms 
corre- 
sponding 
to the power 
dissipation 
calculated 
for this exam- 


ple of an inductive 
load. 


PaN = Average 
power dissipation 
in device output 
when device is ON during total period (T) 


T = 
LL = ~ 
= 41.7ms 
RL 
1200. 


VB-VOL 
30-1.5 
'L = --- 
= --- 
= 237.5 mA 
RL 
120 
Ip = IL (1 - e -TONIT) 


Ip = 237.5mA(1 
- 
e-l00ms/41.7ms) 


Ip = 215.9 mA 


TON [ 
_ fToNe-tITdt] 
PaN = VOL X 'L X -T 
1 
o 
TON 


TON [ 
T 
-TON/T] 
PaN = VOL X 'L X - 
1 - 
- 
(1 - 
e 
) 
T 
TON 


100 [ 
41.7 
] 
PaN = 1.5X237.5 
mAX 


200 
1-100 
(1-e-l00/41.7) 


PaN = 110.6 mW 


POFF = Average 
power dissipation 
in device 
output 
when 
device 
is OFF during total 
period 
(T) 


Ve - 
VB 
65 - 
30 
. 


'R = --- 
= --- 
= 291.7mA 
RL 
1200. 


(Ip + IR) 
tx = Tin 
--'R- 


( 
215.9 
+ 291.7) 
tx = 41.7ms 
in 
291.7 
= 23.1 ms 


t 
[ 
ftx 
e-tlT 
dt 
] 
POFF = Ve x ~ 
(Ip + 'R) 
0 --t 
x 
-- 
- 
'R 


tx [ 
T 
-txIT 
] 
POFF = Ve x - 
(Ip + 'R) x S - 
(1 - 
e 
) - 
'R 
T 
tx 


23.1 [ 
41.7 
POFF = 65 x 
200 
(215.9 mA + 291.7 mAl 23.1 


(1 - 
e-23.1/41.7) 
- 
291.7mA] 


POFF = 736mW 


Po = Average 
power dissipation 
in device output 


Po = PaN + POFF = 110.6 + 736 = 846.6 mW 


In the above example, 
driving a 1200. inductive 
load at 5 Hz, 


the power 
dissipation 
exceeded 
a more 
simple 
calculation 
of power 
dissipation, 
which 
would 
have been: 


Po = VOL (VB - 
Vou 
X TON 


RL 
T 


1.5 (30 - 
1.5) 
100 ms 
Po = 
120 
x 200 ms = 182.5 mW 


An error 
460% 
would 
have 
occurred 
by not 
including 
the 
reactive 
load. The total power 
dissipation 
must also include 
other 
outputs 
(if the device 
has more than one output), 
and 
the power 
dissipation 
due to the device 
power 
supply 
cur- 


rents. 
This 
is an example 
where 
the 
load 
will 
most 
likely 
exceed 
the device 
package 
rating. 
If the 
load is fixed, 
the 
power 
can be reduced 
by changing 
the period 
(T) and duty 
rate (TON/T OFF). 
• 
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TLIF/5860-18 
FIGURE 
18. Voltage 
and Current 
Waveforms 
Corresponding 
to Inductive 
Load 


CALCULATION 
OF OUTPUT 
POWER 


WITH 
AN INCANDESCENT 
LAMP 


An incandescent 
lamp is equivalent 
to a reactive 
load. The 


reactance 
is related 
to the period 
of time 
required 
to heat 


the lamp and the filaments 
positive 
temperature 
coefficient 


of resistance. 
Figure 
19 shows 
the transient 
response 
for a 


typical 
lamp used on instrument 
panels, 
and the equivalent 


electrical 
model 
for the 
lamp. 
Much 
like 
IC packages 
the 


lamp 
has a thermal 
circuit 
and its associated 
propagation 


delay. This lamp filament 
has an 8 ms time constant, 
and a 


longer 250 ms time constant 
from the lamp body to ambient. 


The 
DC characteristics 
are shown 
in Figure 
20. 
Note 
the 


knee 
in the 
characteristics 
at 2 volts; 
this 
is where 
power 


starts 
to be dissipated 
in the form 
of light. This subject 
is 


important, 
since 
more 
peripheral 
drivers 
are damaged 
by 


lamps than any other 
load. 
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FIGURE 
19. Transient 
Response 
of 
an Incandescent 
Lamp 
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FIGURE 
20. DC Characteristics 
of an Incandescent 


Lamp 


Figure 21 shows the transient 
response 
of a driver similar to 


a 0575451 driving the lamp characterized 
in Figures 
19 and 
20. The equivalent 
load doesn't 
include the reactance 
of the 


lamp base to ambient, 
which 
has a 250 ms time constant, 


since 10 ms to an IC is equivalent 
to DC. The peak transient 


current 
was 1 amp, 
settling 
to 200 ms, with 
an 8 ms time 


constant. 
Observe 
the peak current 
is clamped 
at 1 amp, by 


the sinking 
ability 
of the driver; 
otherwise 
the peak 
current 


may have been 1.2 amps. The 0575451 is only rated at 300 
mA, but it is reasonable 
to assume 
it could 
sink 1 amp be- 
cause 
of the 
designed 
force 
f3 required 
for 
switching 
re- 


sponse 
and worst 
case operating 
temperature. 
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FIGURE 
21. Transient 
Incandescent 
Lamp 
Current 


Calculation 
of the energy 
dissipated 
by a peripheral 
driver 


for the transient 
lamp current 
shown 
in Figure 21 is shown 


above, and the plot of energy vs time is shown 
in Figure 22. 


Figure 22 also includes 
as a reference 
the maximum 
peak 


energy from Figure 
15. It can be seen from Figure 22 that in 
this 
example 
there 
is a good 
safety 
margin 
between 
the 


lamp load and the reference 
max peak energy. 
If there were 


more 
drivers 
than 
one 
per package 
under 
the same 
load, 


the margin would 
have been reduced. 
Also, if the peripheral 


driver 
couldn't 
saturate 
because 
it couldn't 
sink 
the 
peak 


transient 
lamp current, 
then 
the energy 
would 
also 
reduce 


the margin 
of safe operation. 


100 


.,.- 
10 
~ 
x 
~= 
co~ 
> 
'"::i~ 
0.1 


~<= 
I I 
f- 
f--- 


= PE~K '~NERGY 
~ 


- 
REFERENCE 


INCANDESCENT 
LAMP LOAD 


lk 


TIME 
lid) 


TL/F/5860-22 
FIGURE 
22. Energy 
vs Time for a Peripheral 
Driver with an Incandescent 
Lamp Load 


CALCULATION 
OF ENERGY 
IN AN 
INCANDESCENT 
LAMP 


Energy 
= J:VOL (IRl + IR2) dt 


. 
VB - 
VOL 
IRI = 
Rl 
= IRI 


iR2 = (VB 
;2VOL) 
e-tlT 


= IR2 e-tlT 
T = R2C2 


Energy 
= J: VOdlRl 
+ IR2 e-tlT) 
dt 


= VOL [lRlt + IR2T (i - 
e-tlT)] 


Given: 
VOL = 0.6V 


IRI = 0.2 Amps 


IRI + IR2 = 1 Amp 


A common 
technique 
used to reduce the 10 to 1 peak to DC 
transient 
lamp 
current 
is to bias the 
lamp partially 
ON, so 
the 
lamp 
filament 
is warm. 
This 
can 
be accomplished 
as 
shown 
in Figure 23. From Figure 20 it can be seen that the 
lamp 
resistance 
at OV is 5.70, 
but at lV 
the resistance 
is 
180. 
At W the lamp dosen't 
start to emit light. Using a lamp 
resistance 
of 1000 
and lamp voltage 
of W, 
RB was calcu- 
lated to be approximately 
1000. 
This circuit 
will reduce 
the 
peak lamp current 
from 
1 amp to 316 mA. 


(6.3-1) 
RB As ~ 
-- 
16ll ~ 95.4 '" 100ll 


100 
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FIGURE 23. Circuit 
Used to Reduce 
Peak 
Transient 
Lamp Current 


PERIPHERAL 
DRIVER 
SECTION 


National 
Semiconductor 
has a wide selection 
of peripheral 
drivers 
as 
shown 
in this 
section's 
guide. 
The 
DS75451, 


DS75461, 
DS3631 
and the DS3611 
series 
have the same 
selection 
of 
logic 
function 
in 
an 
8-pin 
package. 
The 
DS75461 
is a high voltage 
selection 
of the 
DS75451 
and 
may switch 
slower. 
The DS3611 
and DS3631 
are very high 
voltage 
circuits 
and were 
intended 
for slow 
relay 
applica- 


tions. The DS3680, 
DS3686, 
and DS3687 
were intended 
for 
56V telephone 
relay applications. 
The 
DS3654 
contains 
a 
1O-bit shift register 
followed 
by ten 250 mA clamped 
drivers. 


The DS3654 
was intended 
for printer 
solenoid 
applications. 


High current 
and high voltage 
peripheral 
drivers 
find many 
applications 
associated 
with 
digital 
systems, 
and 
it is the 
intention 
of the application 
note to insure that reliability 
and 
service 
life of peripheral 
drivers 
equal 
or exceed 
the 
per- 
formance 
of the other 
logic gates 
made by National. 


For additional 
information, 
please contact 
the Interface 
Mar- 


keting 
Department 
at National 
or one of the many field ap- 
plication 
engineers 
world-wide. 
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0.070-0.080 
TYP --i 


,- 
[1.78-2.03J 


10 


0 ALLAROUND~ 1- 
ttr=iJ=tJj 
0 OOH 0"' He 
t 


' 


OO 


ALLAROUNDJ 
[0.05-0 
13) 


V 
[OO~~~=~ ~~~j 
TYP 
0110-0120 
[2.79-3.05) 


S Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number NOSE 


0.092 
(2.337) DIA 


PIN NO.I IDENT 


0.032±D.DDS~7 
~ 
RAD 


PIN NO.I IDENT~ 


I 


-+ 
0.250± D.DD5 
(6.35 ± D.127) 
---.t 


_D.009__0.01~j.±~ d 
~~3112:5) 
ID.229-0.381) 
DIA 


D325 +O.04D 
NOM 
. 
-0.D15 


(8.255 ~~:~~) 


D.045±D.DI5 
11.143±D.381) 


14 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N14A 


0.300-0.320 
I~~) 


~ 
}ooa-0.016 
TYP 
~!;o ---'I~ 
(0.203-0.406) 


0.210 
L(I.112)-. 


MIN 


0.020 


(0.501) 
I 
rl 
111M 
0.125-0.150 
(3.11S-3.'10) 


0.014-0.023 
TYP- 
.- 


(0.356-0.584) 


0325 ~~:~ 


(.255+1.016) 
. 
-0.381 


16 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N16A 


0.092 
(2.331) 


OIA NOM 
(2X) 


PIN NO. llOENT 


0.280 
~ 
(1.112) 
0.030 
MIN 
-- 
0.300-11.320 
(~~8:) 


17.620-8.128) 


...•.~ 
.~-u..'J 
r -t.- 


I0 


.229-0.381l 
I. 
./ 
0.075 ±0.015 


0.325 
~:~~ 
11.905 ±0.381) 
I-- J 


( 
+1018) 
0.100±0.010 
8.255 
-0:381 
(2.540 ±0.254) 


0.145-0.200 
(3.683-5.080) 


~ 
0.120 


1 .•. 
11 
0.018 ±0.003 
0.125-0.140 
(OM~~8) 
~ 
1--(0.451 ±0.016) 
(3.175-3.556) 
• 


1~~~:C1 


PIN NO.1 
---- 
IDENT 
1 
2 
OPTION02 
0.065 
10.300-0.320 r- 
(1.651) 


C';~"t._!,," ~ 
I- 0.280 ---I 
(0.203-0.406) 


I 


(7.112) 
I 
tollN 


'(0325 
+0.040' 
. 
-0.015 


(8255 + 1.016) 
. 
-0.381 


! 1900 )40 
TYP 
I- 0.030iO.015 


, 
(O.762t0.381) 
I 
0.100iO.010 
r- (2.540iO.254) 
TYP 


28 Lead (0.600" Wide) Molded Dual-in-Line Package 
NS Package Number N28B 


O'°Mc 0.600-0.620 =J 
--MAX 
--- 
(0.762) 
(15.24-15.75) 


0.145-0.210 


.~_ 
•.• " 
'W3 


_5.334) 


(0.229-0.3lI1) 


0.050±0.015 
I-- 


(1.270±0.3lI1) 


3 Lead Molded TO-202 
NS Package Number P03A 


0.046-0.050 
(1.168-1.270) 
TYP(BEFORE 
LEADFINISH) 


0.375 ~~.~~~ 


(9525 +0.381) 


. 
-0.127 


0.360-0.380 --j 


(91«~1 
I 


0.435 


(11.049)L 9 
0.128-0.132 
(3.251-3.353) 


OIA 


0.095-0.105 
(2.413-2.667)-- 
_I 


0.'13-0.117 
(2.870 - 2.972) 


0.480 - 0.520 
(12.192 -13.208) 


~ 


0.285-0.315 
--i~' 


0.400-0.415 
(10.160-10.541) 


All dimensions 
are in inches 
(millimeters) 


0.170 - 0.190 
(4.318-4.826) 


0.0195 - 0.0205 
(0.495-0.521) 


(BEFORELEAOANISH) 


0" TO7'TYP 
t 
J- 


0.024-0.028 
TYP(BEFORE 


0.095-0.105 
TY~0.610-0.711) 
LEAOFINISH) 


(2.413-2.667) 


0.195-0.205 
(4.953 - 5.207) 


3 Lead Molded TO-220 
NS Package Number T03B 


0.330-0.350 
~ 
[8.38-8.89] 


0.1.9-0.153 
" [3.78-3.89] 
I 
+0.015 
0.400 
-0.005 


[10.16 
~::;:]L 
0.0.8-0.055 
[1.22-1..0] 
TYP 


0.027-0.037 
[0.69-0.9.] 
TYP 


- 0.090-0.110 
[2.29-2.79] 
--t! 
! 
t 
0.190-0.210 
[U3-5.33] 


U 0.130-0.160 
TYP 
[3.30-..06] 


0.175-0.185 
I 
["'5-00] 
L 
110.0.8-0.052 
[ 1.22-1.32] 


TAPEREO 
SIDES 10 


~ 
~ 


+0.007 [0 38 +0.18] 
o 
0.525-0.555 
) --l I 
0.015 
-0.001 
• 
-0.03 
7 
([13.3H 
•. l0] 
1-.1 
~ 
IE ..."[ 
+0.,,] 
0.105 
-0:015 
2.67 -0.38 


SEATINGPLANE 


5 Lead Molded TO-220 
NS Package Number T05A 


0.030-0.0.0 
5X [0.76-1.0~ 
r 
+0.015 
0.• 00 -0.003 


[10.16 
~::;:]L 
I0.HO-0.260 I 
0.330-0.350 
~ 
--l [6.10-6.60] I- [8.38-8.89] 


0.175-0.185 
I 
[•.• 5-00] 
L 


0.0.8I:J 
[ 1.22-1.32] 


+0.007 
0.015 
-0.001 TYP 


[0.38 ~::;:] 
~ 


0.1 05 ~~:~~~ 


[2.67 ~::::] 
( 
0.525-0.555 
) 
[13.3.-1 
•. 10] 


1.005-1.035 
[25.53-26.29] 


0.866 


0.866±O.02:2 
10 


2.00} 


5 x (22.00±0.508) 


6x 
0.860±0.020j 
- 
(21.84±0.508) 


+ 


5 Lead Molded TO-220 
NS Package Number T05D 


0.110tO.010 
-+j 


2.79tO.25 
II 
0.• 00 ~g:g6~ 
'"'t 
J 
~ 


0'HO~0'010 
1"- 


8.6. 
t 0.25 
t-- 


0.250 
t 0.0 I0 
6.35 t 0.25 


0.13H 
0.015--1 


HOtO.38 
I 


11 Lead Molded TO-220 
NS Package Number TA 11B 


I 
0.421 


(iO:69J 
o 


l1~IL 
x \0.96,)-\ 


0.670 
(17.02) 


inches 


All dimensions 
are in millimeters 


0.035 
t 0.005 
TY? 
L 
0.89tO.13 


f 
_-.l 


- ---r...- 
0.067 
t 0.005 
TY? 
1.70 t 0.13 


I 


0.0 15 ~g:gJ~ 
=PT 


'8+0.25 
.0) 
-0.05 
---r 


0.3.3 
0.3H 
B:'7'O 
8.2. 


SEATING 
PLANE 


0.176 
t 0.009 
•. H t 0.23 


---11 


0.061 ±o.o02 
I 
1---(1.549±o.o51} 


~---r 


7° TVP 


0.200±0.010 
-- ---- 


I 


(5.080±0.254) 


-. 
+- (~::~: 
=~:~~) 
TYP 


0.168 
(U.DO) 


0866±0020Lt 
0866::: 
DO]±O50S} 


~ 
--- 


0028±0003 IL 3 
o 050±0 010 
[t;0.169±o.o10 
15x (0711±0.07l)-- 
/.- 
-I 
,. 
x (1270±O2S4) 
(UI3±O.2S4) 


(~7':;: 
~~I 
0.200±0.010 


. 
. 
I 
~~ 


----+ 
~15)(~ 
(O.406±o.oSI) 


I 
0.421 
±a.OO5 


(10.69±0.127) 
o 


~--, 
7°llP 


3 Lead Molded TO-263 
NS Package Number TS3B 


1 MIN-, 
- 


t 
o MIN 
\ 


0.575 


1[14.61]-;::;-L 
0.085TYP 
tOll 
I 
[2.16J 
0.• 25 
-EJ- -1 


['0.80J 
-EJ- 
l 


-E3=~l0.100 
1 


[2.5.J 


TYP 
I-- 0.• 10-----I 
[10.• 1] 
0.0.2 TYP 
[1.07J 


LEAD 
POSITION 
OVERLAY 


ri502PLCScr==-l 
..k 0.500 JL0.0145-0.0155 


SEATING PLANE 
[12.70] 
WIN 
[0.368-0.394] 
BEFORE LEAO FINISH 


0.090 
[2.29] 
WAX 


~ 
~ 
• 
(UNCONTROLLED 
I 
I 
I 
LEAD DIA) 


00.175-0.185 
I 
I 
£0.045-0.055 
[4.45-4.70]: 
: 
E· 
[1.14-1.40] 
TYP 


I 
I 
I 
~ 
L-.. ~: 
-.1 


EJECTION WARK 
J 
0.016-002 


0[0.065 
[0.4'-0·53]' 
TYP 


1.6~ 
. 
T 0.015 


[0.38] 
WAX 


5 Lead M I 
NS P 
0 ded TO-263 


ackage Number TS5B 


0.057-0.077 


_[~.96] 
TYP 


3 Lead M I 
NS P 
0 ded TO-92 


ackage NumberZ03A 


f--- 
0.575 


.-1 
[14.61JM 


T 
0.085 


0.425Oil 
[2.16]TYP 


[10.80] 
g--l 
l 
glao.067 
[1.70] 
I.- 0.410 
I 
TYP 
[10.41J--+1 
0.042 


LEAD POSITION OV 
[1.07] 
TYP 


ERLAY 


0.135-0.145 
[3.43-3.68] 


0.045-0.055 
[1.14-1.40] 


Bookshelf 
of Technical 
Support 
Information 


National 
Semiconductor 
Corporation 
recognizes 
the need to keep you informed 
about the availability 
of current 
technical 
literature. 


This bookshelf 
is a compilation 
of books that are currently 
available. 
The listing that follows 
shows the publication 
year and 
section 
contents 
for each book. 


For datasheets 
on new products 
and devices 
still in production 
but not found in a databook, 
please contact 
the National 
Semiconductor 
Customer 
Support 
Center at 1-800-272-9959. 


We are interested 
in your comments 
on our technical 
literature 
and your suggestions 
for improvement. 


Please send them to: 


Technical 
Communications 
Dept. M/S 
16-300 


2900 Semiconductor 
Drive 
P.O. Box 58090 
Santa Clara, CA 95052-8090 


ADVANCED 
BiCMOS LOGIC (ABTC, 
IBF, BiCMOS SCAN, 
LOW VOLTAGE 


BiCMOS, 
EXTENDED 
TTL TECHNOLOGY) 
DATABOOK-1994 


ABTC/BCT 
Description 
and Family Characteristics. 
ABTC/BCT 
Ratings, 
Specifications 
and Waveforms 


ABTC 
Applications 
and Design 
Considerations. 
Quality 
and Reliability. 
Integrated 
Bus Function 
(IBF) Introduction 
54174ABT3283 
Synchronous 
Datapath 
Multiplexer. 
74FR900/25900 
9·Bit 3-Port 
Latchable 
Datapath 
Multiplexer 
54174ACTQ3283 
32·Bit 
Latchable 
Transceiver 
with Parity Generator/Checker 
and Byte Multiplexing 


SCAN18xxxA 
BiCMoS 
5V Logic with Boundary 
Scan. 
74LVT 
Low Voltage 
BiCMoS 
Logic 


VME Extended 
TIL 
Technology 
for Backplanes 


CMOS AC Switching 
Test Circuits and Timing Waveforms. 
CMOS Application 
Notes. 
MM54HC/MM74HC 


MM54HCT 
/MM74HCT. 
CD4XXX 
• MM54CXXX/MM74CXXX 
• Surface 
Mount 


CLOCK 
GENERATION 
AND SUPPORT 
(CGS) DESIGN 
DATABOOK-1994 


Low Skew Clock Buffers/Drivers. 
Video Clock Generators. 
Low Skew PLL Clock Generators 


Crystal 
Clock 
Generators 


COP8™ DATABOOK-1994 


CoP8 
Family. 
COP8 Applications. 
MICRoWIRE/PLUS 
Peripherals. 
COP8 Development 
Support 


CROSSVOLTTM LOW VOLTAGE 
LOGIC SERIES DATABOOK-1994 


LCX Family. 
LVX Translator 
Family. 
LVX Bus Switch 
Family. 
LVX Family. 
LVQ Family. 
LVT Family 


Data Acquisition 
Systems. 
Analog-to-Digital 
Converters· 
Digital-to-Analog 
Converters. 
Voltage 
References 


Temperature 
Sensors. 
Active 
Filters. 
Analog 
Switches/Multiplexers. 
Surface 
Mount 


Selection 
Guide and Cross Reference 
Guides. 
Diodes· 
Bipolar 
NPN Transistors 


Bipolar 
PNP Transistors· 
JFET Transistors· 
Surface 
Mount 
Products. 
Pro-Electron 
Series 


Consumer 
Series. 
Power 
Components. 
Transistor 
Datasheets 
• Process 
Characteristics 


Dynamic 
Memory 
Control. 
CPU Specific 
System 
Solutions. 
Error Detection 
and Correction 


Microprocessor 
Applications 


EMBEDDED 
CONTROLLERS 
DATABOOK-1992 


COP400 
Family. 
COP800 
Family. 
COPS Applications· 
HPC Family· 
HPC Applications 


MICROWIRE 
and MICROWIRE/PLUS 
Peripherals. 
Microcontroller 
Development 
Tools 


Family Overview. 
300 Series (Low-Power) 
Datasheets 
• 100 Series Datasheets 
• 11C Datasheets 


Design 
Guide. 
Circuit 
Basics· 
Logic 
Design· 
Transmission 
Line Concepts. 
System 
Considerations 


Power 
Distribution 
and Thermal 
Considerations. 
Testing 
Techniques. 
300 Series 
Package 
Qualification 


Quality 
Assurance 
and Reliability. 
Application 
Notes 


Description 
and Family Characteristics. 
Ratings, 
Specifications 
and Waveforms 


Design 
Considerations. 
54ACI74ACXXX. 
54ACT 174ACTXXX. 
Quiet Series: 
54ACQ174ACaXXX 


Quiet Series: 
54ACTQ/74ACTQXXX· 
54FCT 174FCTXXX. 
FCTA: 54FCTXXXA174FCTXXXA/B 


FAST® APPLICATIONS 
HANDBOOK-1990 


Reprint 
of 1987 Fairchild 
FAST Applications 
Handbook 


Contains 
application 
information 
on the FAST family: 
Introduction. 
Multiplexers. 
Decoders. 
Encoders 


Operators. 
FIFOs. 
Counters. 
TIL 
Small Scale 
Integration. 
Line Driving 
and System 
Design 


FAST Characteristics 
and Testing. 
Packaging 
Characteristics 


QuickRing. 
Futurebus+ 
IBTL 
Devices. 
BTL Transceiver 
Application 
Notes. 
Futurebus+ 
Application 
Notes 


High Performance 
TIL 
Bus Drivers. 
PI-Bus. 
Futurebus+ 
IBTL 
Reference 


TIA/EIA-232 
(RS-232) 
• TIA/EIA-422/423. 
TIA/EIA-485. 
Line Drivers. 
Receivers. 
Repeaters 


Transceivers. 
Low Voltage 
Differential 
Signaling· 
Special 
Interface. 
Application 
Notes 


The purpose 
of this handbook 
is to provide 
a fully indexed 
and cross-referenced 
collection 
of linear integrated 
circuit 


applications 
using both monolithic 
and hybrid circuits 
from National 
Semiconductor. 


Individual 
application 
notes are normally 
written 
to explain the operation 
and use of one particular 
device or to detail various 


methods 
of accomplishing 
a given function. 
The organization 
of this handbook 
takes advantage 
of this innate coherence 
by 


keeping 
each application 
note intact, arranging 
them in numerical 
order, and providing 
a detailed 
SUbject Index. 


Integrated 
Ethernet 
Network 
Interface 
Controller 
Products. 
Ethernet 
Physical 
Layer Transceivers 


Ethernet 
Repeater 
Interface 
Controller 
Products. 
Token-Ring 
Interface 
Controller 
(TROPIC) 


Hardware 
and Software 
Support 
Products· 
FDDI Products· 
Glossary 
and Acronyms 


LOW VOLTAGE 
DATABOOK-1992 


This databook 
contains 
information 
on National's 
expanding 
portfolio 
of low and extended 
voltage 
products. 
Product 
datasheets 


included 
for: Low Voltage 
Logic (LVQ), Linear, EPROM, 
EEPROM, 
SRAM, 
Interface, 
ASIC, Embedded 
Controllers, 
Real Time 


Clocks, 
and Clock Generation 
and Support 
(CGS). 


MASS STORAGE 
HANDBOOK-1989 


Rigid Disk Pulse Detectors. 
Rigid Disk Data Separators/Synchronizers 
and ENDECs 


Rigid Disk Data Controller. 
SCSI Bus Interface 
Circuits. 
Floppy 
Disk Controllers 
• Disk Drive Interface 
Circuits 


Rigid Disk Preamplifiers 
and Servo 
Control 
Circuits. 
Rigid Disk Microcontroller 
Circuits. 
Disk Interface 
Design 
Guide 


MEMORY 
DATABOOK-1994 


FLASH. 
CMOS EPROMs 
• CMOS 
EEPROMs 
• PROMs • Application 
Notes 


OPERATIONAL 
AMPLIFIERS 
DATABOOK-1995 


Operational 
Amplifiers. 
Buffers. 
Voltage 
Comparators. 
Active 
Matrix/LCD 
Display 
Drivers 


Special 
Functions. 
Surface 
Mount 


PACKAGING 
DATABOOK-1993 


Introduction 
to Packaging. 
Hermetic 
Packages. 
Plastic Packages. 
Advanced 
Packaging 
Technology 


Package 
Reliability 
Considerations. 
Packing 
Considerations. 
Surface 
Mount 
Considerations 


POWER 
IC's DATABOOK-1995 


Linear Voltage 
Regulators. 
Low Dropout 
Voltage 
Regulators. 
SWitching Voltage 
Regulators 


Motion 
Control. 
Surface 
Mount 


PROGRAMMABLE 
LOGIC DEVICE 
DATABOOK 
AND 


DESIGN 
GUIDE-1993 


Product 
Line Overview. 
Datasheets 
• Design Guide: Designing 
with PLDs • PLD Design Methodology 


PLD Design 
Development 
Tools. 
Fabrication 
of Programmable 
Logic. 
Application 
Examples 


Reliability 
and the Die. 
Internal 
Construction. 
Finished 
Package. 
MIL·STD·883. 
MIL·M·38510 


The Specification 
Development 
Process. 
Reliability 
and the Hybrid 
Device. 
VLSIIVHSIC 
Devices 


Radiation 
Environment· 
Electrostatic 
Discharge 
• Discrete 
Device. 
Standardization 


Quality 
Assurance 
and Reliability 
Engineering. 
Reliability 
and Documentation. 
Commercial 
Grade 
Device 


European 
Reliability 
Programs. 
Reliability 
and the Cost of Semiconductor 
Ownership 


Reliability 
Testing 
at National 
Semiconductor. 
The Total 
Military/Aerospace 
Standardization 
Program 


883B/RETSTM 
Products. 
MILS/RETSTM 
Products. 
883/RETSTM 
Hybrids. 
MIL·M·38510 
Class B Products 


Radiation 
Hardened 
Technology. 
Wafer 
Fabrication. 
Semiconductor 
Assembly 
and Packaging 


Semiconductor 
Packages. 
Glossary 
of Terms. 
Key Government 
Agencies. 
AN/ 
Numbers 
and Acronyms 


Bibliography. 
MIL·M·38510 
and DESC Drawing 
Cross 
Listing 


SCANTM DATABOOK-1994 


Evolution 
of IEEE 1149.1 Standard. 
SCAN BiCMOS 
Products· 
SCAN ACMOS 
Products. 
System Test Products 


Other 
IEEE 1149.1 
Devices 


VHC/VHCT 
ADVANCED 
CMOS LOGIC DATABOOK-1993 


This databook 
introduces 
National's 
Very High Speed CMOS (VHC) and Very High Speed TIL 
Compatible 
CMOS (VHCTj 
designs. 
The databook 
includes 
Description 
and Family Characteristics. 
Ratings, 
Specifications 
and Waveforms 


Design 
Considerations 
and Product 
Datasheets. 
The topics 
discussed 
are the advantages 
of VHCIVHCT 
AC Performance, 
Low Noise 
Characteristics 
and Improved 
Interface 
Capabilities. 


